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Table 1. Participant Characteristics
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Development Data Set

Validation Data Set

No. of participants (men/women)
Age (y)

Serum creatinine (mg/dL)
Albumin (g/dL)

Serum urea nitrogen (mg/dL)
GFR (mL/min/1.73 m?)

413 (262/151)
51.4 + 16.5 (18-88)
1.62 + 1.59 (0.41-10.75)
3.80 + 0.64 (1.70-5.20)
22.0 + 15.5 (5.0-107.3)
59.1 = 35.4 (3.0-199.3)

350 (203/147)
53.9 = 17.5(19-91)
1.57 =+ 1.38 (0.34-10.28)
3.91 = 0.56 (1.70-5.10)
22.4 + 14.2 (6.1-81.2)
57.2 + 34.7 (2.6-228.7)

0-29 108 (26%) 93 (27%)
30-59 115 (28%) 113 (32%)
60-89 102 (25%) 73 (21%)
>90 88 (21%) 71 (20%)
Creatinine clearance (mL/min/1.73 m?) 81.2 + 47.2(3.1-274.1) 79.7 = 44.9(5.3-268.5)
Height (cm) 163.3 = 8.8 161.6 = 9.5
Weight (kg) 61.0+ 129 60.4 = 12,7
Body surface area (m?) 1.65 = 0.19 1.63 = 0.19
Diagnosis
Chronic glomerulonephritis 219 173
Acute glomerulonephritis 4 3
RPGN 10 4
Interstitial nephritis 6 3
Diabetes mellitus 46 44
Polycystic kidney disease 2 0
Nephrosclerosis 25 30
Lupus 10 3
Kidney donor 1 10
Kidney recipient 9 2
Hereditary nephritis 3 1
Hypoplasia 3 0
Unilateral nephrectomy 6 3
Miscellaneous 69 74

Note: Conversion factors for units: serum creatinine in mg/dL to umal/L, X88.4; urinary albumin in g/dl. to g/L, X10; serum
urea nitrogen in mg/dL to mmol/L,, X0.357; GFR in mL/min/1.73 m? to mL/s/1.73 m?, X0.01667.

Abbreviations: GFR, glomerular filtration rate; RPGN, .

Hitachi creatinine auto-analyzer, model 7170 (Hitachi, To-
kyo, Japan) and enzyme solution (Preauto-SCrE-N; Daiichi
Pure Chemicals Co, Tokyo, Japan). SCr values obtained in
the central laboratory were compared with those of the
Cleveland Clinic (Cleveland, OH) by using a calibration
panel of 40 samples, provided by Dr Frederick Van Lente,
Cleveland Clinic.

Comparison of Measured Versus Expected Creatinine
Excretion

Creatinine excretion was measured in 90-minute urine
samples obtained during Cin measurements and predicted
based on previously published formulas.

Creatinine excretion rates were based on published equa-
tions for Japenese® and whites”' and are given in the notes
to Table 2.

Development of the Correction Coefficient for the
IDMS-MDRD Study Equation
The new Japanese coefficient to modify the IDMS~

MDRD Study equation’ for Japanese was calculated from
the development data set of 413 participants. The coefficient

was derived by minimizing the root mean squared error
(RMSE) of the estimate calculated as the square root of (sum
of squared errors of the estimate/[N]).

Development of the New Equations for Japanese

The new 3- and 5-variable Japanese equations were de-
rived in the development data set by using a multiple linear
regression model and the variables age, sex, and SCr, SUN,
and serum albumin levels in relation to measured GFR
(mGFR). All variables were log transformed.

Development of the Correction Coefficient for the CG
Equation

The CG equation was modified by a Japanese CG coeffi-
cient that was calculated in the development data set. The

correction coefficient was determined by minimizing the
RMSEs of the estimate.

Validation of Equations

GFR was estimated by using all equations and com-
pared with mGFR in thé development and validation data
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Table 2. Participant Characteristics

Men (n = 462) Women (n = 296)

Age (y) 537171 508 * 16.8
Height (cm) 167471 154963
Weight (kg) 657+ 119 527+95

Body surfacearea(m®) 1.74 £ 0.16 149+ 0.13
Body mass index (kg/m?) 23.4 + 3.7 220+ 3.8
Measured creatinine

excretion (mg/kg/d) 20.2+ 0.8 16.7 = 4.6
Estimated creatinine

excretion (for

Japanese) 184 +1.2 14310
Estimated creatinine

excretion (for whites) 19.0 > 2.9 16.1 = 1.9

Nots: Data expressed as mean + SD. Measured creati-
nine excretion was obtained during the measurement of
inulin clearance. Expected creatinine excretion for Japanese
was calculated by using the following equations: Creatinine
excretion rate (mg/kg/d) = 22.1 — 0.068 X Age (in men) or
17.2 — 0.057 X Age (in women). Estimated creatinine excre-
tion for whites was calculated by the following equations:
Creatinine excretion rate (mg/kg/d) = 28.2 — 0.172 X Age (in
men) or 21.9 — 0.115 X Age (in women).

sets. We compared all equations, but specifically focused
on the comparison in the validation data set of the
IDMS-MDRD Study equations modified by the previ-

‘ously published JSN Chronic Kidney Disease Initiative

(JSN-CKDI) coefficient and the new Japanese coefficient,
as well as the JSN-CKDI equation and new Japanese
equations. Metrics for comparison were RMSE, bias,
accuracy, and r*. The RMSE of GFR estimated by using
the equation was calculated as the square root of (sum of
squared errors of the estimate/[N]). Bias of the equations
was expressed as the mean difference between eGFR and
mGFR (eGFR — mGFR). Accuracy was expressed as
percentage of participants with eGFR less than 15% and
30% from mGFR. RMSE and correlation coefficients
were computed on the raw scale. Data sets were combined
for correlation between eGFR and mGFR. Intercepts and
slopes were evaluated in a linear regression model.

Statistical Analysis

Data are expressed as mean * SD. Measured versus
predicted creatinine excretion was compared by using
Student ¢-test. Creatinine values were calibrated by using
the calibration panel and evaluated by means of linear
regression. Differences in accuracy of eGFR were evalu-
ated between equations by means of x? tests. Differences
in bias of eGFR were evaluated between equations by
using Student r-test. A difference with P less than 0.05
was considered statistically significant, Statview, version
4.02 (SAS Institute, Cary, NC), and JMP, version 6.02
(SAS Institute), were used for statistical analysis and
calculation of correction factors and confidence intervals
(Cls).
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RESULTS

Patient Characteristics inthe Developmentand-
Validation Populations

Characteristics of the development population
(n = 413) and validation population (n = 350)
are listed in Table 1. Distributions of participant
numbers by cause of kidney disease and mean
age, SCr level, albumin level, SUN level, height,
weight, and body surface area were similar be-
tween the 2 populations. Mean Cin was also
similar between them at 59.1 * 35.4 mL/min/
1.73 m? in the development population and
57.2 *+ 34,7 mL/min/1.73 m? in the validation
population. Proportions of participants with
mGFR less than 60 mL/min/1.73 m? were 54%
in the development population and 60% in the
validation population.

Body Size and Creatinine Excretion

Body size and creatinine excretion in the com-
bined development and validation data sets are
listed separately for men and women in Table 2.
The creatinine excretion rate was greater in men
than women (20.2 versus 16.7 mg/kg/d). Mea-
sured values were significantly, but not substan-
tially, greater than expected values for both Japa-
nese (P < 0.001) and whites (P < 0.001).
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Creatinine value of Cleveland clinic

Intercept: 0.005 (CY: -0.032 to 0.043)
Stope: 1,020 (CI: 0,996 t0 1.044)

(] 10 20 30 40

Creatinine value of central laboratory
(mg/dL)

Figure 1. Correlation between creatinine values of the
Cleveland Clinic and a central laboratory. Y = X (solid
line), and regression line (dotted line). Abbreviation: Cl,
confidence interval.
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Table 3. Intercepts and Coefficients for GFR-Estimating Equations in the Development Population

Exponent-
Exponent- Coefficient of Continuous Parameters (5% Cl) Transformed
Transformed Coefficient Of
Intercept Dichotomous
Equation (95% Cl) SCr Age SUN Alb Variables (95% C)
IDMS-MDRD 175 -1.154 -0.203 - - 0.742 if female
Study 1.01 if whife
1.212 if black
1 175 —1.154 —0.203 - - 0.742 if female
0.741 if Japanese
2 171 —-1.004 -0.287 - - 0.782 if female
3 175 —1.154 —-0.203 - - 0.742 if female
0.808 if Japanese
(0.728 0 0.829)
4 194 -1.094 -0.287 - - 0.739 if female
(14310262) (—1.1391t0 —1.048) (—0.366to —0.208) (0.695 10 0.786)
5 142 —0.923 -0.185 -0.233 0414 0.772 if female
(9310 217) (—0.99710 —0.849) (-0.26310 —0.108) (—0.319t0 —0.148) (0.27210 0.557) (0.728 10 0.818)
6 - - - - - 0.85 if female
(0.769 to 0.810)

Equation 1: IDMS-MDRD Study equation with previously reported JSN-CKD! coefficient: eGFR = 0.741 X 175 X

SCr~115% x Age™%2°2 x 0.742 (if female).

Equation 2: Previously reported JSN-CKDI equation: eGFR = 171 X SCr™ 9% x Age~0287 x 0.782 (if female).
Equation 3: IDMS-MDRD Study equation with new Japanese coefficient: eGFR = 0.808 x 175 X SCr~ 5% x Age™020%

X 0.742 (if female).

Equation 4: New 3-variable Japanese equation: eGFR = 194 x SCr~ "% x Age™%?87 x 0.739 (if female).
Equation 5: New 5-variable Japanese equation: eGFR = 142 X SCr~%923 x Age™0"85 x Alb®4'* X SUN~22%3 x 0.772 (if

female).

Equation 6: 0.789 X CG equation: eGFR = 0.789 X (140 — Age) X BW/SCr/72 X 1.73/BSA X 0.85 (if female).

Abbreviations: Alb, albumin; BSA, body surface area; BW, body weight; CG, Cockcroft-Gautt; Cl, confidence interval; CKDI,
Chronic Kidney Disease Initiative; eGFR, estimated glomerular filtration rate; IDMS, isotope dilution mass spectrometry; JSN,
Japanese Society of Nephrology; MDRD, Modification of Dietin Renal Disease; SCr, serum creatinine; SUN, serum urea nitrogen.

Calibration of Creatinine Assays

Creatinine values for the calibration panel
assigned in our laboratory. were compared with
values assigned by Cleveland Clinic Laboratory
(Fig 1). Mean SCr level was 1.415 % 0.100 (SEM)
versus 1.449 = 0.102 mg/dL. Creatinine values
correlated highly with values assigned by the Cleve-
land Clinic as judged by the intercept of 0.005
(95% CI, —0.0032 to 0.043), close to zero, and the
slope of 1.020 (95% CI, 0.996 to 1.044), close to
1.0. Because there was no significant systemic bias,
creatinine values were not adjusted in the present
study.

Cinand Ccr

Cin and Ccr were measured simultaneously in
757 patients. Mean serum inulin concentrations
were 184 = 49,183 = 5.1, and 193 + 59
mg/dL at 45, 75, and 105 minutes, respectively.
The median coefficient of variation for Cin was
10.9% (95% CI, 5.8 to 20.4) during the 90-

minute renal Cin test. The median coefficient of
variation for Ccr was 13.3%. Cin and Cecr signifi-
cantly correlated (» = 0.889; r* = 0.790). The
slope was 0.698 (95% CI, 0.672 t0 0.724) and the
intercept was 2.339 (95% CI, 0.143 to 4.622).
Ccr was significantly greater than Cin, and the
correction coefficient for the bias was deter-
mined to be 0.715 (95% CI, 0.703 to 0.726).

eGFREquations

All equations are listed in the notes to Table 3.

The new Japanese correction coefficient calcu-
lated for modification of the IDMS-MDRD Study
equation was 0.808 (95% CI, 0.728 to 0.829;
equation 3) in the development population,
whereas the previously reported coefficient was
0.741 (equation 1), as listed in Table 3.

Using the development data set, we derived a
new 3-variable Japanese equation (equation 4)
and a new S-variable Japanese equation (equa-
tion 5; Table 3).
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Table 4. Performance of GFR-Estimating Equations in the Development Population

Accuracy

" Equation RMSE (ml/min/1.73 m?) Within 15% of mGFR (95% Ct) Within 30% of mGFR (95% CI)

IDMS-MDRD Study 23.6 36 (32-41) 59 (55-64)
equation
Equation 1 18.4 38 (34-43) 73 (69-77)
Equation 2 18.2 39 (35-44) 73 (68-77)
Equation 3 17.6 - 44 (39-48) 77 (72-81)
Equation 4 17.3 44 (39-48) 78 (74-82)
Equation 5 16.4 52 (47-57) 83 (79-86)
Equation 6 17.7 44 (39-49) 76 (72-80)
15% Accuracy Level 30% Accuracy Level
IDMS Eq1 Eq2 Eq3 Eq4 Eq5 IDMS Eq1 Eq2 Eq3 Eq4 Eqgb5

IDMS IDMS
Eq1 0.6 Eq1i <0.001
Eq2 04 0.7 Eq2 <0.001 0.9
Eq3 0.03 0.1 0.2 Eq3 <0.001 0.2 0.2
Eq4 0.03 0.1 0.2 0.9 Eq4 <0.001 0.09 0.06 0.6
Eqs <0.001 <0.001 <0.001 0.01 0.01 Eq5 <0.001 <0.001 <0.001 003 0.1
Eq6 0.03 01 0.2 0.9 0.9 0.02 Eq6 <0.001 0.3 0.3 0.8 05 0.02

" Note: Accuracy given as percentage of participants whose estimated GFR was within 15% or 30% of measured GFR.
Abbreviations: Cl, confidence interval; Eq, equation; GFR, glomerular filtration rate; IDMS, isotope dilution mass
spectrometry; MDRD, Modification of Diet in Renal Disease; RMSE, root mean squared error.

The CG equation was modified with a correc-
tion coefficient. The Japanese coefficient of 0.789
(95% CI, 0.769 to 0.810) was obtained from the
development data set and is provided as equation
6 in Table 3.

Comparison of Performance of the Equations

Performance in GFR estimation was evaluated
among equations by using the development and
validation data sets based on RMSE, bias, and
accuracy of eGFR in reference to mGFR.

Accuracy in the Development Data Set

Performance of each derived equation was
evaluated by using the development data set, as
listed in Table 4. Bias is not compared because it
is expected to be approximately zero for equa-
tions developed in the development data set.
There were no significant differences in accuracy
within 15% or 30% between equations 3 and 1 or
between equations 4 and 2, reflecting no signifi-
cant different in precision.

Bias and Accuracy in the Validation Data Set

Performance of each derived equation was
evaluated by using the validation data set, as

listed in Table 5. Bias was significantly less in
equation 3 than in equation 1 (P = 0.002) and in
equation 4 than in equation 2 (P < 0.001).
Equation 3 provided GFR with significantly bet-
ter accuracy within 15% than equation 1 (P =
0.02), but no significant difference in accuracy
within 30% deviation (P = 0.6) between the 2
equations. There was a trend toward improved
accuracy within 15% and 30% between equa-
tions 4 and 2 (P = 0.06). Equation 5 performed
similarly to equation 4.

Correlation Between eGFRand mGFR

The correlation between eGFR and mGFR
was evaluated in the combined population as
shown for each equation in Fig 2. Intercepts and
slopes for equations are listed in Table 6.

DISCUSSION

We previously reported that eGFR calculated
using either the IDMS-MDRD Study equation .
modified by using the JSN-CKDI coefficient -
(0.741; equation 1) or the JSN-CKDI equation
(equation 2) was more accurate than the unmodi-
fied MDRD Study equation in Japanese individu-
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Table 5. Performance of GFR-Estimating Equations in the Validation Population
Accuracy

Equations RMSE (mi/min/1.73 m?) Bias (mL/mirn/1.73 m?) Within 15% of mGFR (95% Cl) Within 30% of mGFR (95% Cl)

IDMS-MDRD Study 252 12.0 £ 222 39 (34-45) 59 (54-64)
equation
Equation 1 19.9 ~5.9*19.0 34 (29-39) 72 (67-76)
Equation 2 20.3 ~7.9 187 36 (31-41) 73 (69-78)
Equation 3 19.4 -1.3 = 19.4% 43 (38-48) 73 (59-78)
Equation 4 19.1 —2.1+1907 43 (38-48) 75 (70-79)
Equation 5 17.7 -1.2+17.6 49 (44-54) 79 (75-83)
Equation 6 19.4 ~-1.7 = 19.6 45 (40-50) 75 (70-79)
P

15% Accuracy Level

30% Accuracy Level

IDMS Eq1 Eq2 Eq3 Eq4 Eq5 IDMS  Eq1 Eq2 Eq3 Eq4 Eq5
iDMS IDMS

Eq1 0.1 Eq 1 <0.001

Eq2 0.4 0.5 Eq2 <0.001 0.6

Eq3 0.4 0.02 0.08 Eq3 <0.001 0.6 0.9

Eq4 0.3 0.01 0.06 09 Eq4 <0.001 03 006 0.6

Eq5 0.01 <0001 <0.001 01 0.1 Eq5 <0.001 002 008 008 02

Eq6 0.1 0.003 0.02 0.5 0.6 0.3 Eq6 <0.001 0.3 0.7 0.7 0.9 0.2

Note: Accuracy given as percentage of participants whose estimated GFR was within 15% or 30% of measured GFR.
Abbreviations: Cl, confidence interval, Eg, equation; GFR, glomerular filtration rate; IDMS, isotope dilution mass
spectrometry; MDRD, Modification of Diet in Renal Disease; RMSE, root mean squared error.

als.'” The present study verifies our previous
results, and accuracy of GFR estimation is im-
proved further by means of newly derived equa-
tions, the modified IDMS-MDRD Study equa-
tion with the new Japanese coefficient (0.808;
95% CI, 0.728 to 0.829; equation 3) and the new
3-variable equation (equation 4). Bias was signifi-
cantly reduced in equation 3 and 4 from that in
equations 1 and 2 in the validation population.
We also developed a 5-variable equation (equa-
tion 5). The new Japanese equations and the new
Japanese coefficient for the IDMS-MDRD Study
equation provided more reliable eGFRs in Japa-
nese individuals. The present study had a larger
number of participants than the previous study,
and all samples were assayed for inulin and
creatinine in a central laboratory.

In both the previous'®'? and present studies,
the original IDMS-MDRD Study equation
overestimated GFR in comparison to mGFR
by using Cin in Japanese patients with CKD
(Fig 2). The correction coefficient less than 1.0
indicates lower SCr levels in Japanese than in
whites in the MDRD Study for equivalent
levels of GFR.

SCr level is affected by 3 major factors: level
of kidney function, skeletal muscle mass,” and
amount of protein intake.”” In the steady state,
creatinine excretion is a measure of creatinine
generation from muscle or protein intake. Our
data suggest that creatinine excretion was slightly
greater than expected per kilogram of body
weight, but less than observed in the MDRD
Study because of lower body weight. Mean creat-
inine excretion values were 20.2 and 16.7 mg/
kg/d in men and women in our study compared
with 19.2 and 15.8 mg/kg/d in the MDRD Study,
respectively.”® Mean body weight was 60 kg in
our study compared with 79 kg in the MDRD
Study. Mean body mass index (BMI) was 23
kg/m? in the present study and 27 kg/m? in the
MDRD Study.*”

Differences in creatinine excretion, body
weight, and BMI between participants in our
study and the MDRD Study are consistent with
studies that have shown a mean skeletal muscle
mass assessed by means of magnetic resonance
imaging data significantly less in Japanese (men,
24.8 * 3.5 kg; women, 14.7 *+ 2.3 kg)** than in
North Americans (men, 33.0 £ 5.3 kg; women,
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21.0 * 3.8 kg; study population included whites
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ics [7%]).%°

These differences in muscle mass are reflected
as differences in SCr levels between Japanese
and North American populations. Muscle mass
significantly decreases with aging in Japanese
men,** but does not significantly change in North

eGFR(mL/min/1.73m?) eGFR(mU/min/1.73m?)

American men.>> SCr values were lower and
remained constant until age 70 years in Japanese
for both men and women,”® whereas values were
greater and increased after age 40 years in whites
and blacks®”: 0.831 mg/dL at age 20 to 39 years,
0.822 mg/dL at age 40 to 59 years, and 0.868
mg/dL at age 60 to 79 years in Japanese men-
versus 0.865 mg/dL at age 20 to 39 years, 0.883
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Table 6. Intercepts and Slopes for GFR-Estimating Equations

Slope (95% Cl) R2

Equations Intercept (95% Cl)
IDMS-MDRD Study 6.1(3.5108.6) 0.740 (0.708 t0 0.771) 0.731
equation
Equation 1 6.1 (3.5108.6) 0.998 (0.955 to 1.041) 0.731
Equation 2 1.8(—0.91t04.5) 1.123 (1.076 to 1.170) 0.743
Equation 3 6.1(3.5t08.6) 0.915 (0.876 to 0.955) 0.731
Equation 4 51(2.5107.7) 0.943 (0.903 t0 0.983) 0.738
Equation 5 45(2.1106.9) 0.944 (0.907 to 0.980) 0.770
Equation 6 6.7 (4.1109.3) 0.908 (0.869 to 0.948) 0.730

Abbreviations: Cl, confidence interval; GFR, glomerular filtration rate; IDMS, isotope dilution mass spectrometry; MDRD,

Modification of Diet in Renal Disease.

mg/dL at age 40 to 59 years, and 0.998 mg/dL at
60 years and older as calibrated to IDMS-
traceable creatinine in white men. Mean noncali-
brated SCr values in the Third National Health
and Nutrition Examination Survey (NHANES
IIT) were 1.14 mg/dL at age 20 to 39 years, 1.16
mg/dL at age 40 to 59 years, and 1.28 mg/dL at
60 years and older’® in white men (calibrated
SCr = [SCr — 0.23] X 0.95).2°* After age 50
years, urinary creatinine excretion decreases as
body weight decreases in Japanese men. How-
ever, in whites body weight is not as good a
marker to estimate urinary creatinine excretion
as muscle mass. Lean body mass, not body
weight, correlates with urinary creatinine excre-
tion and muscle mass in whites.”'

Differences in muscle mass are parallel to
differences in obesity. The obese population
(BMI > 25 kg/m?) increases with age in white
Americans: 61% at age 20 to 39 years, 70% at
age 40 to 59 years, and 74% at 60 years and
older.** However, obesity decreases after age 50
years in Japanese men: BMI greater than 25
kg/m? is 20% at age 20 to 29 years, 28.9% at age
30 to 39 years, 32.7% at age 40 to 49 years,
30.8% at age 50 to 59 years, 29.7% at age 60 to
69 years, and 26% at 70 years and older (Japa-
nese Ministry of Health, Labor, and Welfare). It
was reported that an increase of 5 kg/m* in BMI
resulted in increase of 1.1% in SCr level.** With
aging, skeletal muscle mass and protein intake
decrease at a greater rate in Japanese than in
whites, whereas the prevalence of obesity in-
creases in whites, but not Japanese.

Altogether, these data are consistent with a
correction coefficient less than 1.0 for modifica-
tion of the MDRD Study equation for Japanese.
In contrast, the correction coefficient for Chinese

is 1.233. Possible explanations for the large dif-
ference in correction coefficients between Japa-
nese and Chinese studies may be differences in
muscle mass in the study populations, creatinine
assays, or GFR measurement methods. Addi-
tional study is required to understand the differ-
ence in GFR-estimating equations between Chi-
nese and Japanese.

In the present study, no significant systemic
bias was observed in SCr values used for the
development of new equations by the panel of
the Cleveland Clinic Laboratory. SCr values as-
sayed using the enzymatic method were more
accurate and had greater precision than other
methods.” Although 95% of laboratories in Japan
have switched to the enzymatic method from the
Jaffé method, creatinine values must be standard-
ized for use of the new equations.

Limitations of the present study are as follows.
(1) The new Japanese GFR-estimating equations
may not be applicable to the healthy population
because they were derived mostly from patients
with chronic kidney disease. Rule et al'® also
suggested that the MDRD Study equation might
systematically underestimate GFR in the normal
healthy population. (2) Equations were derived
from data for inpatients and outpatients. Some
participants were hospitalized for renal biopsy as
is customary practice in Japan, although some
inpatient participants may have had clinical con-
ditions related to creatinine metabolism.'* (3)
About 15% of patients had diabetes, and GFR
was estimated accurately for patients with diabe-
tes with our new equations. However, GFRs
calculated by using the MDRD Study equation
and CG equations were underestimated in pa-
tients with diabetes over the range of eGFR of 90
mL/min/1.73 m® or greater.” We must further
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study the accuracy of eGFR in Japanese patients
with diabetes.

In conclusion, according to Cin data, the newly
derived creatinine-based GFR-estimating equa-
tions accurately estimate GFR for Japanese. Al-
though the 5-variable Japanese equation esti-
mates GFR more accurately than other equations,
SUN and albumin are not routinely measured in
Japan. Because the new 3-variable Japanese equa-
tion provided reasonably accurate eGFRs, we
recommend using the new 3-variable Japanese
equation for GFR estimation from SCr level and
age in clinical practice and for epidemiological
study.
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Abstract The Japanese Society of Nephrology (JSN)
sponsored the Asian Forum of CKD Initiative (AFCKDI)
2007 with the support of the International Society of
Nephrology-Commission for Global Advancement in
Nephrology (ISN-COMGAN), Asian Pacific Society of
Nephrology (APSN), the Kidney Disease: Improving
Global Outcome (KDIGO) and other national societies of

Y. Tsukamoto (<)

Department of Nephrology, Shuwa General Hospital,
Saitama, Japan

e-mail: tsukamoto@jinzou.net

H. Wang

Division of Nephrology and Institute of Nephrology,
The First Hospital, Peking University,

Beijing, People’s Republic of China

G. Becker
Department of Nephrology, Royal Melbourne Hospital,
Melbourne, VIC, Australia

H.-C. Chen
Department of Nephrology, Kaohsiung Medical University
Hospital, Kaohsiung, Taiwan

D.-S. Han
Division of Nephrology, Yonsei University College of Medicine,
Seoul, Korea

D. Harris
Department of Renal Medicine, Westmead Hospital,
University of Sydney, Sydney, NSW, Australia

E. Imai
Department of Nephrology, Osaka University Hospital,
Osaka, Japan

V. Jha
Department of Nephrology, Postgraduate Institute of Medical
Education and Research, Chandigarh, India

nephrology in the Asian Pacific region on 27-28 May 2007
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from 16 countries; it began with the symposium “A
Challenge to CKD in the world” and was followed by the
ISN-COMGAN affiliated workshop “Current status and
perspective of CKD in Asia”. The second day was dedi-
cated to discussion on the evaluation, surveillance and
intervention in CKD in this area. At the end of the forum,
we decided on the future plan as follows: (1) The AFCKDI
will provide opportunities annually or biannually for every
person who promotes CKD initiatives in the Asian Pacific
region to join together and build consensus for action; (2)
the second forum will be held in Kuala Lumpur on 4 May
2008 at the time of the 11th Asian Pacific Congress of
Nephrology (APCN). Zaki Morad, President of the 11th
APCN, will host the second forum; (3) the International
Organising Committee (IOC) of the 1st AFCKDI will
continue its function by adding other experts, including the
organisers of the APCN; (4) the AFCKDI is not an orga-
nisation by itself, nor does it belong to any society, but is
organised by each host national society of nephrology. The
IOC will assist the domestic committee for the success of
the forum and will assure the continuation of the mission;
(5) in order to organise the forum and promote CKD ini-
tiatives in the Asia Pacific region, the AFCKDI will look
for support by both national and international societies. The
AFCKDI will keep an intimate and mutual relation with the
ISN, APSN and KDIGO.

Keywords Chronic kidney disease - AFCKDI -
Asia - APSN - KDIGO - ISN COMGAN - Japan

Introduction

Nearly 50% of the global population lives in the Asian
Pacific region, including the world’s two large and most
populous countries, China and India, which together
account for over 35%, and are the two countries with the
highest incidence and prevalence of chronic kidney disease
(CKD) dialysis patients (CKD 5-D). Recognising the need
for a coordinated regional approach, the Japanese Society
of Nephrology, as part of its 50th anniversary celebrations,
established the Asian Forum on Chronic Kidney Disease
Tnitiative (AFCKDI) in 2007. Aided by the International
Society of Nephrology (ISN), Kidney Disease: Improving
Global Outcomes (KDIGO), the Asian Pacific Society of
Nephrology, the Australian and New Zealand Society of
Nephrology and the Malaysian Society of Nephrology, two
regional meetings have now been held: in Hamamatsu,
Japan, in 2007 and in Kuala Lumpur, Malaysia, in 2008.
The tasks facing AFCKDI are formidable, with enormous
economic, cultural and geographic differences character-
ising the region. However, regional and international
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interest and support have been overwhelming. At very
short notice, in Hamamatsu 16 countries submitted 56
abstracts, from which many were chosen to supplement the
invited speakers, allowing representation of a very wide
range of nations.

In Hamamatsu the agreed aims were to clarify the cur-
rent state of CKD in the Asian Pacific region and to
promote coordination, collaboration and integration of
initiatives to combat this disease burden. As host chair, Dr.
Seichi Matsuo introduced the three main topics for dis-
cussion: (1) CKD screening and early detection, (2) clinical

~“practice guidelines (CPGs) and their implementation, and

(3) education, implementation and international and
regional cooperation and support.

Screening for CKD
Japan (S. Matsuo)

Statutory urinalysis has been carried out on industrial
workers since 1972, school children since 1973 and per-
sons aged over 40 years since 1982 [1]. Despite this, Japan
unfortunately still ranks among the highest in the world for
CKD-5D prevalence and incidence, with particularly a
rising incidence of diabetic patients [2]. Clearly screening
alone has made little impact, hence the Japanese Associa-
tion of CKD has now been established and government
funded to pursue a strategic research project aimed at
prevention of CKD, or reducing CKD-5D.

Hong Kong (P. KT. Li)

In 2004 the ISN held a Consensus Workshop on Prevention
of Progression of Renal Disease in Hong Kong [3]. The
consensus was that screening for CKD was worthwhile in
diabetic and hypertensive patients and in the relatives of
patients with CKD due to diabetes, hypertension and glo-
merulonephritis, and that CKD was more common in
individuals over 60-65. This consensus meeting published
recommendations for prevention of progression once CKD
was detected [4].

Clinical practice guidelines and international
collaboration

KDIGO (N. Lameire)
A non-profit foundation governed by an international board

of directors (six currently from our region), KDIGO aims
to improve global CKD care by promoting, integrating and
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aiding implementation of CPGs [5], [6]. KDIGO has pub-
lished a revision of the definition and classification of CKD
[7], reviewed definition, evaluation and classifications in
CKD mineral and bone disorders [8], and is in the process
of preparing CPGs on hepatitis C in CKD [9]. KDIGO aims
to provide reviews of the evidence behind clinical care and
CPGs, allowing local carers to construct the own CPGs
without the resource burden of this task. It also hopes to
coordinate CPG development to prevent redundancy of
effort and stimulate consensus (http://www.kdigo.org/).

CARI (R. Walker)

CARI is the only Asia Pacific regional group currently
producing English language CPGs available on the web.
The key aspects are an absolute need for a good evidence
base to construct CPGs and the recognition that imple-
mentation must be inherent in the process {10].

ISN (W. Couser)

The ISN Commission on Global Advancement of
Nephrology (ISN-COMGAN) pointed out the focus shift-
ing from emphasis on renal replacement therapy to the
“new nephrology”—the early detection and prevention of
kidney disease and its cardiovascular consequences [4].
Core outreach programmes are encompassed under
COMGAN [11]. The ISN Fellowship programme now
emphasises training in clinical epidemiology and outcomes
research. The ISN Continuing Nephrology Education
(CNE) programme supports over 50 educational events
each year, reaching over 10,000 health-care workers, with
an emphasis on early detection and treatment of CKD. The
restructured ISN Sister Centre programme supports 40
centre relationships worldwide aimed at progressing the
developing centre through to becoming a regional, inde-
pendent focus for promotion of all aspects of renal health
care. The ISN Research and Prevention Committee has
developed the programme for detection and management
of CKD, hypertension, diabetes and cardiovascular
diseases.

Diversity and specificity of CKD in Asia

Speakers dealt with CKD in the COMGAN regions, first
from the two most populous countries, China and India,
then a mix of developing and developed countries of dif-
fering sizes and economies. Highlighted was the urgent
need to develop strategies to combat CKD, given the huge
population of Asia, the high prevalence of CKD and the
poor economic state of much of the region.

China (W. Chen)

A randomly selected population-based screening study in
southern China (both rural and urban) showed 10.6% had
proteinuria, haematuria or reduced estimated GFR. Inde-
pendent risk factors were age, hypertension and diabetes.

India (V. Jha)

CKD, diabetes and hypertension have been identified as
increasing in prevalence in several small surveys. Diabetes
is the commonest cause of end-stage renal diseases
(ESRD); 73% of ESRD patients present less than 3 months
before diagnosis [12].

Korea (H. J. Chin)

A nationwide survey from health checks in 39 hospitals
indicated a prevalence of CKD stages 1, 2, 3 or more of
1.39, 3.64 and 2.67%, respectively, with very similar risk
factors to Western countries, and a particularly high
prevalence in the elderly.

Nepal (S. K. Sharma)

In this country, where renal replacement therapy (RRT)
cannot be afforded, a door-to-door screening and inter-
vention programme was conducted. Of 3,218 people over
20, CKD was detected in 10.6%. Age and diabetes were
particularly predictive. When hyperglycaemia and hyper-
tension were controlled, regression or stabilisation of
proteinuria was seen in 52%.

Japan (K. Iseki)

In 2005 Japan had the world’s highest prevalence of CKD-
5 patients, 2,018 per million population (pmp) [13]. Sleep
apnoea has recently been shown to be particularly common
in Japanese CKD-5 patients, 30.5% compared with a non-
CKD-5 population prevalence of 15.1% [14].

Australia (D. Harris)

The AUSDIAB study [15] has indicated a population
prevalence of CKD similar to other developed countries.
Automatic reporting of estimated GFR (eGFR, modified
MDRD formula) by laboratories, general practitioner
education and screening/intervention studies are underway.
A particularly important issue is “How can developed
countries help developing nations?” Screening and inter-
vention programmes in Indonesia and Brunei are being
assisted by Australian centres.

@ Springer
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Screening, risk factors, evaluation, comorbidity
and intervention in CKD in Asia

Many important issues were discussed, including: (1) Who
should be screened? Cost effectiveness suggests a targeted
approach. (2) What is the high-risk population? Is it similar
to those in North America and Europe or different in Asia?
(3) Is it necessary to study selected populations using epi-
demiological designs to collect regional data? (4) Is it
necessary to have a common language about criteria for
eGFR and urinary protein/albumin estimation in Asia? Is
haematuria particularly relevant in Asia with the prevalence
of glomerulonephritis, especially IgA disease? (5) Should
we intervene in high-risk populations? Which subgroups
would benefit most? What would be most cost-effective?

Estimating GFR in Asian populations

Standardised methods for estimating GFR are essential for
detection and classification of CKD. The MDRD formula
was not developed in Asian subjects, hence eGFR formulae
need to be developed.

China (L. Zuo)

The broad issues for proper selection of eGFR formulae
were introduced [16, 17, 18]. Methods for developing
estimating equations were reviewed, including the inherent
problems involved in regression, linear assumption and
calibration of plasma creatinine or other measurements.
Variations can lead to systemic differences in eGFR results.
The recommendation was that eGFR should be developed
based on both the ethnic group and the method and cali-
bration of plasma creatinine or other measurements.

Japan (M. Horio)

The Japanese CKD Initiative has on-going studies to refine
a Japanese eGFR equation [19-21]. eGFR by the MDRD
formula was compared with inulin renal clearance in 247
Japanese CKD patients. Serum creatinine was measured by
an enzymatic method in a central laboratory, which gave
results virtually equivalent to standardised creatinine val-
ues. A tendency for eGFR MDRD to overestimate GFR
was adjusted by introducing an ethnic coefficient (X 0.808)
for Japanese, calculated by minimising the sum of squared
errors between eGFR MDRD and inulin clearances in
patients with GFR <90 ml/min/1.73 m*

China (Y.-C. Ma)

The Chinese eGFR Collaboration Group has produced a
modified EGFR for Chinese (eGFR = 175 x Per™'#** x

@_ Springer

age *1" x 0.79 for females). Changes in eGFR with
ageing were studied in 747 apparently healthy Chinese
subjects [22]. Jaffe’s method was used in a central labo-
ratory to measure serum creatinine. eGFR decrease per 10
tears was 4.3 ml/min/1.73 m%, and about one-third of
subjects 70 years or over had eGFR less than 60 ml/min/
1.73 m?. Overestimation of renal disease was a risk in the
elderly. The utility of single or repeated spot urine albu-
min/creatinine ratios was studied in 659 Beijing residents
(F. Wang). While microalbuminuria was present in 10.2%
initially, this declined to 6.4% when repeated 4 months
later, indicating that repeated measurements are needed to
confirm CKD.

Prevalence, risk factors and comorbidity of CKD
in Asia

Table 1 summarises the prevalence of CKD and preva-
lence/incidence of ESRD (RRT) reported in this meeting.
Data were presented from 8§ countries—Bangladesh,
China, Malaysia, Mongolia, Sri Lanka, Singapore, Taiwan
and Vietnam—as well as 19 further posters, indicating
CKD is a major problem in all these countries, with some
unique regional differences. These contained recurrent
themes of increasing incidences of diabetes as a cause of
ESKD and the need for early intervention schemes to
combat the epidemic of ESKD in Asia, rather than the
unaffordable alternative of RRT. All abstracts are avail-
able on the AFCKDI web site (http://www.jsn.orjp/
AFCKDI2007/), or as published papers [23-25, 26, 27,
28, 29].

Southern China (U. Kuok)

In Macau, preliminary analysis from over 1,000 people
indicates some evidence of CKD in over 20%, but only 3—
5% have stages 3—5. However, in persons aged 65 years or
over, this rises to more than 20%.

Southern Taiwan (H. C. Chen)

Screening of family members of nearly 200 haemodialysis
patients showed a 13% prevalence of eGFR 60 ml/min/
1.73 m® and 17% prevalence of albuminuria. Only 15%
showed awareness of CKD, indicating the need for more
screening and education of family members [30, 31].

Bangladesh (H. U. Rashid)

A rural survey has indicated a prevalence of CKD of 17%
in this country where RRT cannot be afforded. The need
for primary care of CKD patients was highlighted [2].
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Table 1 Prevalence of CKD and prevalence/incidence of ESRD (RRT)

Area CKD prevalence GFR equation®  Study Study ESRD RRT Author
(stages) population year (incidence) (prevalence)
Guangzow/Zhuhai 10.6% (I-V) Classic MDRD 4,642 2007 NA NA W. Chen
Korea 1.39% (D), 3.64% (1I), 2.67% (III-V) Classic MDRD 329,581 2005 185 pmp® 942 pmp®*  H. J. Chin
Nepal 10.6% (I-V) Classic MDRD 3,218 2006 Very few  Very few S. K. Sharma
Japan 9.2% (III-V) 0.808XMDRD® 574,023 2006 275 pmp" 1,956 pmp® E. Imai
Macau 18.0% (1-1), 3.3% (II-V) Classic MDRD 1,047 2006 NA 933 pmp U. Kuo
Taiwan 6.9% (I1I-V) Classic MDRD 6,001 2006 418 pmp® 2,226 pmp® C.C. Hsu
Bangladesh 17% in rural area CG 9 pmp* 92 pmp? H. U. Rashid,
Mongolia NA NA NA 2005 (196 pmp)® 36 pmp K. Gelegjamts
Singapore 4.45% (111-V) Classic MDRD 2,112 NA NA B. W. Teo
Vietnam 3.9% (I1-V) Classic MDRD 8,509 NA NA J. Tto
Beijing 9.3% (1-V), 1.7% (III-V) 1,23XMDRD? 13,925 NA NA L. Zhang
Bhopal 3.2% (age >60, DM 58.4%) Classic MDRD 572,029 2001 NA 152 pmp V. Jha
Indonesia 5.8% (D), 7.0% (1) 5.2% (I1I-V) CG 6,040 2006 NA NA Dharmeizar
Australia NA NA 2006 115 pmp® 778 pmp®  USRDS
Malaysia NA NA 2006 119 pmp® 615 pmp®  Z. Morard
Thailand NA NA 2006 139 pmp® 286 pmp"* K. Praditpornsilpa
HongKong NA NA 2006 140 pmp® 994 pmp®  USRDS
Shanghai NA NA 2006 282 pmp” 447 pmp®  USRDS

Results in this table were obtained from the reports of this conference and published studies. Some of the data may be different from the data
published later

NA not available, CG Cockcroft~Gault, pmp per million people, CKD chronic kidney disease, ESRD end-stage renal diseases
* Data were obtained from the USRDS database 2006 (http:/www.usrds.org/)

® Renal replacement therapy (RRT) was not applied to every patient

¢ Classic MDRD used an ethnic cofactor for non-black without creatinine standardisation

4 Only Chinese and Japanese data used an ethnic cofactor (1.23 and 0.808, respectively) for the MDRD equation with creatinine standardisation

Mongolia (K. Gelegjamts)

There are unique local issues in this isolated country. A
survey of hospitalised patients from 2002-2005 showed a
high incidence of CKD because of nephrolithiasis, partic-
ularly in children and women. Kidney and urinary tract
infection was the third commonest cause of illness in the
general community, and the commonest cause of hospital
morbidity. Chronic pyelonephritis and glomerulonephritis
are the main causes of ESRD, contributed to by the harsh
climate, high fertility rate and poverty.

Sri Lanka (G. Priyadarshana)

In the north-central and western provinces (Polonnaruwa
and Anuradhapura), there is a very high prevalence of a
chronic interstitial disease of unknown cause. In Anura-
dhapura, CKD is the leading cause of in-hospital mortality.
Environmental toxins are suspected, but have not been
identified. Elsewhere in Sri Lanka, the causes of ESRD are
similar to other counties.

Singapore (B. W. Teo)

Of over 200 persons presenting to one academic hospital
for voluntary health screening, only 1.6% had a serum
creatinine above the normal range, but 4.5% had CKD
stage 3-5 when eGFR was calculated.

Malaysia (Z. Morad)

Malaysia has seen a rapid rise in ESRD because of diabetes
in the last 2 decades, such that by 2006 it was the cause of
57% of ESRD, the highest in the world, mirroring the high
(11.50%) community incidence of diabetes. Glomerulone-
phritis and stone disease are falling as causes of ESRD.

Vietnam (J. Ito)
Japan has collaborated with Vietnam to find a prevalence

of CKD stages 35 in 4% and hypertension >30% in 8,500
subjects aged >40 years in one region [32].
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Intervention in CKD in Asia

Various attempts to improve care
in CKD were presented

Taiwan (S. L. Wang)

The Kaohsiung Medical University Hospital led a national
care project starting in 2003. About 1,400 patients with
CKD stage 3-5 have been enrolled. The investigators goals
were for more CKD patients to choose home peritoneal
dialysis over centre haemodialysis (result, marginal fall),
an increase in patients on rHuEPO (result, 68.8-83.0%)
and permanent vascular access (result, 38.5-63.0%), higher
hematocrits (result 23.9-25.2%) and reduced hospitalisa-
tion rates before initiation of dialysis. The programme was
successful for most of the goals, though the proportion of
patients choosing PD as the primary treatment modality fell
marginally. The authors concluded that an integrated CKD
care programme is effective in improving the dialysis-
preparedness and clinical profile of CKD patients. The
message was in addition to steps needed to slow disease
progression; CKD care should also include preparing
patients for renal replacement therapy.

Indonesia (Dharmeizar)

The utility of a questionnaire-based screen for CKD risk
factors with blood pressure and urinalysis was assessed in
four rural areas of Indonesia. Of 6,040 subjects with a
mean age 41 years, 41% had obesity, 14% hypertension,
22% diabetes and 3.6% proteinuria; 1,100 had serum cre-
atinine measured, resulting in a 5.7% prevalence of CKD.
The high incidence of obesity. was a surprise, and in gen-
eral the results suggest that this approach needs to be
viewed with caution, since most measurements were per-
formed only once.

Japan (S. Matsuo)

The outcomes from the Japanese Governmental Pro-
gramme of Urinalysis commenced in 1973 were reported
[28, 29]. Urinalysis is carried out in population groups,
particularly school children, employees and all citizens
over 40 years of age. It is mandatory in the first two
groups, and about 44% of the last group have been tested.
Urinary abnormalities were noted in 2.7, 6.8, 4.9, 6.3 and
18.4% of elementary school students, junior high school
students, high school students, industry workers and citi-
zens over 40 years of age, respectively. Despite a decline
in the contribution of glomerulonephritis (GN) to ESRD,
the overall prevalence of ESRD in Japan has been relent-
less, and the numbers have been constantly increasing. The

&) Springer

mean age of new Japanese ESRD patients with GN showed
a significantly faster increase than in US patients, whereas
those of patients with diabetes or nephrosclerosis increased
at the same rate. It appears that while the urine testing
programme has made a positive difference in GN, it has
had little impact on the overall growth of ESRD, possibly
because the new lifestyle diseases and population age more
than compensated for the decline in GN cases. Neverthe-
less, the database that has been accumulated as a result of
the screenings is a fantastic one and can be mined to get
valuable data of a type probably not available anywhere
else in the world [1].

Mission and future action plan

The burden of CKD is high and unique in each of our
neighbours. There is a clear need for coordination, col-
laboration and integration of initiatives to fight the
epidemic of CKD in the Asian Pacific region; however,
there is a considerable amount of variability in the resource
availability among different countries or regions. Access to
global information and evidence databases is also limited
in some. To overcome these limitations, it was agreed that
AFCKDI could play a very valuable role in harmony with
ISN (especially COMGAN activity) and APSN activity,
and we should continue to embrace the opportunity in the
form of this meeting further in the future. There is no
question that this is also a very good opportunity to give
strength to networks and friendship of nephrologists in our
region.

Few countries have developed local evidence-based
clinical practice guidelines (CPGs) for CKD. Fortunately,
global CKD guideline development is now in progress, and
the definition and classification system introduced by
KDIGO has been well accepted in this area. However,
several local issues need to be addressed.

These include (1) estimated GFR equation(s) based on
standardised creatinine estimation, which most efficiently
reflect the Asian ethnicities, (2) efficient screening
methods, which reflect the common pathogenesis of
CKD in Asian countries, and (3) short-term strategies for
intervention.

The ISN-KHDC programme for delaying progression
could be applied in most of Asia areas regardless of
economic status. Availability of interventions in other
co-morbidities and complications of CKD, such as renal
anaemia and CKD-MBD (mineral bone disease), varies
among countries and regions because of economic status
and/or public health policy.

We also need to facilitate collaboration, coordination
and integration of locally developed CPGs, aiming to
resolve the gaps in clinical practice. There is substantial
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room for cooperation in implementing CPGs in the regions
where resources are limited.

There are good examples of corporation between
developed and developing countries. We need to expand
this effort not just between two countries, but also among
multiple relationships in our area by utilising the available
resources of developed nations.

ESRD is a very visible outcome of CKD, and the
availability of RRT is drastically different among countries
and regions in the Asian Pacific area. Many lives are still
lost because of lack of access to RRT. An international
registry of patients on RRT among multiple countries in
our area would be valuable.

Care of dialysis and renal transplant recipients can also
be improved by implementing locally applicable global
CPGs. More attention should be paid to previous live
donors for renal transplantation because of the possible risk
of future CKD.

The future plan for AFCKDI was decided as follows: (1)
The AFCKDI will provide opportunity annually or bian-
nually for every person who promotes CKD initiatives in
the Asian Pacific region to join together and build con-
sensus for action. (2) The second meeting was held at
Kuala Lumpur in 2008, hosted at the 11th Asian Pacific
Congress of Nephrology (APCN) by Zaki Morad, President
of the 11th APCN. (3) The International Organising
Committee (IOC) of the AFCKDI will continue its function
by adding other experts, including the organiser of the next
meeting. (4) The AFCKDI is not an organisation by itself
nor does it belong to any society. Meetings will be
organised by each host national society of nephrology. The
JOC will assist the domestic committee for the success of
the forum and will assure the continuation of the mission.
(5) In order to organise the forum and promote CKD ini-
tiatives in the Asian Pacific region, the AFCKDI will look
for support by both national and international societies. The
AFCKDI will keep an intimate and mutual relation with the
ISN, APSN and KDIGO.

Finally, we have reached the following consensus as the
mission of the AFCKDI and decided on the continuation of
this effort in the future: (1) to develop a consensus as a
protocol of CKD detection in our region; (2) to analyse risk
factors and cost-effective evaluation of the intervention; (3)
to establish a network on the CKD Initiative in our region;
(4) to contribute to the global initiative by using resources
in our region.
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