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Abstract

Background and aim: The Cockcroft‐Gault (C‐G) equation for estimation of creati-

nine clearance (CCr) is still used in a clinical setting for drug dosage adjustment.

Because differences between measured and estimated CCr values have been

reported, particularly for Japanese elderly people, the aim of this study was to

improve the accuracy of CCr estimation equations, such as C‐G and Orita‐Horio, by

fitting to newly obtained data. Also, glomerular filtration rate (GFR) estimation equa-

tions, such as the Modification of Diet in Renal Disease (MDRD), the Chronic Kidney

Disease Epidemiology Collaboration (CKD‐EPI), and the eGFR equation for Japanese

people, were studied to compare with measured CCr.

Method: Data from 313 subjects over the age of 40 years with laboratory data

available were used for analysis in this study. Special attention was paid to elderly

people, and approximately 70% of the subjects were over the age of 65 years.

Results: The accuracy of estimation by the two conventional (C‐G, Orita‐Horio) CCr

estimation equations was greatly improved by introducing adjusted body weight for

which the degree of obesity is over 30% instead of measured body weight. By fitting

the coefficients of the estimation equations to the present population, the mean error

was reduced by almost half, particularly for people over the age of 75. Although all

the values calculated by the GFR estimation equations were underestimated com-

pared with measured CCr due to secretion, a coefficient of determination of above

0.65 was obtained for all GFR estimation equations.

Conclusions: Improvement of the fitted CCr estimation equations suggests that

reconstruction of renal function estimation equations is required, especially for old

people. Further work is required to find optimal renal function (CCr and/or GFR) esti-

mation equations for drug dosage adjustment.
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1 | INTRODUCTION

1.1 | Background

People over the age of 65 account for 27.3% of the total population of

Japan, and 13.4% are over 75 years of age.1 These percentages are

higher than those in other developed countries.1 To establish appro-

priate pharmaceutical therapy for elderly people, physiological func-

tions need to be evaluated properly. However, clinical trials for

developing new drugs have mainly focused on younger adults. Thus,

there is little knowledge about the design of drug administration for

elderly people. Because physiological functions decline with age, fine

adjustment depending on each function is required in pharmaceutical

therapy for elderly people. The effects of renal excretion‐type drugs

on pharmacokinetics are particularly important for elderly people,

because the renal function of elderly people, even those without any

kidney disease, tends to be deteriorated.2,3 Accurate evaluation of

renal function is required to decide the doses of renal excretion‐type

drugs. Although the 24‐hour urine collection method is the most com-

mon method to determine CCr,4 its use is sometimes difficult for

infants and elderly people, and in an emergency.5 Therefore, a method

for a quick and precise estimation of renal function is needed for

deciding the doses of drugs. For adjusting drug dosage in a clinical set-

ting, the Cockcroft‐Gault (C‐G) equation is used to predict kidney

function by inputting parameters including sex, age, body weight,

and serum creatinine (sCr) concentration.6 However, this equation

was established from a population of 249 male Westerner patients

aged 18 to 92 years, in which the number of elderly patients aged over

75 years was small. Moreover, sCr values are affected by various fac-

tors, including muscle mass, exercise, and nutrition, and it has been

reported that estimated CCr values calculated by the C‐G equation

tend to deviate from the values measured in elderly people.7-9 In addi-

tion, attention should be given to body weight (kg), one of the input

parameters for the C‐G equation, because it has been reported that

a difference between measured and estimated CCr values in many

elderly people resulted from the use of the real body weight

value.10,11 In the last decade, there is a general trend of employing

GFR instead of CCr for evaluating kidney function. However, in refer-

ence to drug dosage adjustment, whether GFR or CCr should be used,

is not yet clear.12 In any case, special attention should be paid to the

administration of drugs for elderly people, because pharmacokinetics

is considered to be significantly different from that in healthy adults

due to various factors, such as a decline in bodily function, morbidity

of several diseases, and polypharmacy.13 In Japan, it is common to

employ CCr estimation equations for the purpose of estimating kidney

function and drug dosage adjustment.14,15 Therefore, in this study, we

compared the differences between measured CCr values and CCr

values calculated by conventional renal function estimation equations

such as the C‐G equation. The measured data, almost 70% of which

were from elderly patients, were used to modify the estimation equa-

tions by fitting the parameters. In the analysis of the C‐G equation,

accuracy of estimation was examined by using the adjusted body

weight for which the degree of obesity is over 30%16,17 instead of real

body weight, and correction was made for the intercept value of the

regression line in the fitting process. Along with the C‐G equation,
the Orita‐Horio equation,18 which was established for Japanese peo-

ple to estimate CCr, was also studied to check its predictability. In this

study, two modified estimation equations, the C‐G equation and the

Orita‐Horio equation, were proposed to improve their predictive accu-

racies by fitting the coefficients to the present population. For the

purpose of estimating renal function through the glomerular filtration

rate (GFR), GFR estimation equations such as the Modification of Diet

in Renal Disease (MDRD) equation19 and the Chronic Kidney Disease

Epidemiology Collaboration (CKD‐EPI) equations,20 and the eGFR

equation for Japanese people,21 were calculated to evaluate correla-

tions with measured CCr.

The aim of this study was to understand pharmacokinetics by

comparing and improving renal function estimation equations with

measured CCr data derived particularly from elderly subjects, over

the age of 75 years.
2 | METHODS

2.1 | Study population

The data used in this study were obtained from patients over the age

of 20 years who were hospitalized at Sunagawa City Medical Center,

Hokkaido, Japan, during the period from January 2013 to June

2016. This population consists of hospitalized patients because accu-

rate kidney function estimation is particularly needed for hospitalized

patients. The data included only patients for whom the following lab-

oratory data were available: CCr, sCr (enzymatic method), blood urea

nitrogen (BUN), serum albumin (Alb), urinary volume, and urinary cre-

atinine concentration (see Table 1). Patients receiving renal dialysis

were excluded from this study. Only the first measurement data were

used for patients who had CCr measured multiple times. The medical

history of each patient was also scrutinized in detail. Attention was

paid to diseases that may affect kidney functions, such as renal dis-

ease, prostatomegaly, heart failure, hepatopathy, cancer, and life-

style‐related diseases including high blood pressure, hyperlipidemia,

and diabetes mellitus, and the number of patients and the percentage

of the total number of patients in each generation (age group) for each

of their morbidities are summarized inTable 2. Subjects were classified

into the following four groups according to age: generation I (age: 20‐

39 years), generation II (age: 40‐64 years), generation III (age: 65‐

74 years), and generation IV (age: over 75 years). We classified

patients into these specific groups because elderly people are defined

to be over the age of 65, the period of which is divided into genera-

tions III and IV, in Japan. These generations are the main target of

our study. We also considered people over the age of 20, in particular

generation II, 40 to 64 years, to study a change in pharmacokinetics

due to aging.
2.2 | Anthropometric measurements

Height and weight of the patients were measured by hospital staff at

the time of hospitalization and on the day of CCr measurement.

According to the World Health Organization (WHO) classification,

values for body mass index (BMI), defined as body weight (kg)/height2

(m2), were categorized as underweight (BMI < 18.50), normal



TABLE 1 Baseline characteristics of the subjectsa

All (n = 313) Men (n = 167) Women (n = 146) Range

Age, y 71 (63‐76.3) 71 (65.5‐77) 68.47 ± 10.5 40‐89

Height, m 1.58 ± 0.09 1.64 ± 0.064 1.54 ± 0.061 1.4‐1.8

Body weight, kg 57.6 (51‐66) 61.1 (55.85‐69.08) 52.15 (46.4‐60.23) 31.4‐132.8

Adjusted body weight, kg 55.0 (47.6‐60.1) 60.8 (55.4‐67.08) 48.15 (43.12‐54) 31.4‐95.8

Body surface area, m2 1.58 (1.47‐1.71) 1.65 (1.58‐1.78) 1.47 (1.38‐1.57) 1.13‐2.31

BMI, kg/m2 23.19 (20.8‐25.9) 23.22 (21.2‐25.7) 23.16 (20.3‐26.2) 14.81‐50.0

Measured CCr, mL/min/1.73 m2 82.18 ± 35.35 77.72 ± 34.28 87.29 ± 35.97 3.9‐197.2

Urinary volume, mL 1800 (1400‐2500) 1900 (1500‐2600) 1700 (1300‐2188) 400‐6700

Urinary creatinine conc., mg/dL 50.4 (37‐67.7) 56.1 (40.4‐72) 44.5 (33‐58.1) 11.7‐253.5

Serum creatinine conc., mg/dL 0.85 (0.68‐1.13) 1.01 (0.79‐1.32) 0.67 (0.6‐0.95) 0.33‐11.6

Blood urea nitrogen, mg/dL 15.3 (11.5‐19.2) 16.0 (12.5‐20.9) 14.5 (10.7‐18.1) 5.9‐109

Serum albumin, g/dL 3.3 (2.9‐3.7) 3.3 (2.9‐3.6) 3.4 (3.1‐3.8) 0.7‐4.6

Abbreviation: BMI, body mass index.
aThe data are represented as mean and standard deviation (mean ± S.D.) for normally distributed variables and as median and interquartile range for
nonnormally distributed variables.
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(18.50‐24.99), overweight (25.00‐29.99), and obese (≧30.00).22 Body

surface area (BSA) was calculated by the Du Bois equation: BSA

(m2) = body weight (kg)0.425 × height (cm)0.725 × 0.007184.23 Taking

the degree of obesity into consideration, body weights were adjusted

by the following formulae:

IBW Menð Þ ¼ 50þ 2:3×
Height cmð Þ−150

2:5

IBW Womenð Þ ¼ 45þ 2:3×
Height cmð Þ−150

2:5
ABW ¼ IBWþ 0:4× TBW–IBWð Þ:

Here, IBW, ABW, and TBW indicate ideal body weight, adjusted

body weight, and total body weight, respectively. The degree of obe-

sity is defined as (TBW‐IBW) ×100/IBW (%). Generally, body weight

was adjusted to IBW for subjects for whom the degree of obesity

was between 30% and 100%. Adjusted body weight (ABW) was used

for weight when the degree of obesity was over 100%.16,17
2.3 | Measurements of CCr and biochemical
parameters

Creatinine clearance (CCr) was measured by 24‐hour urine collection.

Serum creatinine (sCr) and urinary creatinine concentration were mea-

sured by the enzymatic method used in Japan.24 Clinical histories used

in this study were only those for patients who showed morbidity on

the day of the medical examination. Creatinine excretion per body

weight was calculated by the following formula: Creatinine excretion

(mg/BWkg/day) = urinary creatinine concentration (mg/dL) × 1/

100 × urinary volume (mL) × body weight (kg).

All the data are presented in Table 1 using standard descriptive

statistics as mean and standard deviation for normally distributed var-

iables, and median and interquartile range for nonnormally distributed

variables. The Jarque‐Bera test was used to check the normality of dis-

tribution for each variable, with a critical value of p = 0.05.
2.4 | Renal function estimation equations

We focused on the following renal function estimation equations. The

Cockcroft‐Gault equation,3 the MDRD equation,19 and the CKD‐EPI

equation20 were proposed in Canada or the United States and have

been widely used in Japan. The Orita‐Horio equation18 was proposed

mainly for Japanese people and was, thus, also used to analyze the

data in this study. In addition, the CKD‐EPI equation17 and the eGFR

equation for Japanese people,21 both of which have been adjusted

to Japanese people, were employed to analyze the present population.

In this study, all of the estimations by the equations were represented

on a per BSA basis.
*Cockcroft‐Gault (C‐G) equation6

Men: CCr mL=minð Þ ¼ 140−Ageð Þ×Body Weight kgð Þ
72×sCr

Women: CCr mL=minð Þ ¼ 140−Ageð Þ×Body Weight kgð Þ
72×sCr

×0:85

*Orita‐Horio equation18

Men: CCr mL=minð Þ ¼ 33−0:065×Age‐0:493×BMIð Þ×Body Weight kgð Þ
sCr×14:4

Women: CCr mL=minð Þ ¼ 21−0:030×Age‐0:216×BMIð Þ×Body Weight kgð Þ
sCr×14:4

*MDRD equation19

Men: GFR mL=min=1:73m2
� �

¼ 170×sCr−0:999×Age−0:176×BUN−0:170×Alb0:318

Women: GFR mL=min=1:73m2
� �

¼ 170×sCr−0:999×Age−0:176×BUN−0:170×Alb0:318×0:762



TABLE 2 Clinical histories of subjects. The number in () indicates of the disease based on the total number of subjects (n) of each generation (%)

Generation

II (n=88) III (n=122) IV (n=103) all (n=313)

Kidney disease

Nephrotic Syndrome 0 (0) 3 (2.46) 1 (0.97) 4 (1.28)

IgA nephropathy 0 (0) 0 (0) 0 (0) 0 (0)

Diabetic nephropathy 2 (2.27) 0 (0) 3 (2.91) 5 (1.60)

Cystitis 0 (0) 1 (0.82) 0 (0) 1 (0.32)

Overactive Bladder 0 (0) 1 (0.82) 5 (4.85) 6 (1.92)

Hydronephrosis 1 (1.14) 3 (2.46) 4 (3.88) 8 (2.56)

Kidney failure 5 (5.68) 10 (8.20) 5 (4.85) 20 (6.39)

Others 8 (9.09) 9 (7.38) 12 (11.65) 29 (9.27)

Genital Disease

Prositatic hypertrophy 1 (1.14) 9 (7.38) 14 (13.59) 24 (7.67)

Heart failure

Heart failure 4 (4.55) 9 (7.38) 15 (14.56) 28 (8.95)

Myocardial infraction 0 (0) 1 (0.82) 3 (2.91) 4 (1.28)

Arrhythmia 1 (1.14) 0 (0) 2 (1.94) 3 (0.96)

Liver disease

Hepstic cirrhosis 1 (1.14) 0 (0) 1 (0.97) 2 (0.64)

Hepatitis 7 (7.95) 5 (4.10) 4 (3.88) 16 (5.11)

Hyperammonemia 2 (2.27) 1 (0.82) 4 (3.88) 7 (2.24)

Hyperammonemia 0 (0) 0 (0) 0 (0) 0 (0)

Cancer

Kidney

Kidney 10 (11.36) 14 (11.48) 10 (9.71) 34 (10.86)

Nephrocyte 1 (1.14) 0 (0) 1 (0.97) 2 (0.64)

Pelvis renalis 2 (2.27) 4 (3.28) 9 (8.74) 15 (4.79)

Bladder 4 (4.55) 17 (13.93) 5 (4.85) 26 (8.31)

Ureter, Urethra 0 (0) 0 (0) 0 (0) 0 (0)

Genitalia

Prostate 0 (0) 6 (4.92) 8 (7.77) 14 (4.47)

Tumour

Kidney 3 (3.41) 0 (0) 0 (0) 3 (0.96)

Adrenal gland 0 (0) 0 (0) 3 (2.91) 3 (0.96)

Lifestyle‐related disease

Hypertension 18 (20.45) 23 (18.85) 27 (26.21) 68 (21.73)

Hyperlipidemia 4 (4.55) 13 (10.66) 14 (13.59) 31 (9.90)

18 (14.75) 11 (10.68) 36 (11.50)

4 of 12 KABURAKI ET AL.
*CKD‐EPI equation for Japanese people20

Men: GFR ¼ 144× sCr=0:9ð Þ−0:411×0:993Age×0:813 sCr≦0:9
� �

GFR ¼ 144× sCr=0:9ð Þ−1:209×0:993Age×0:813 sCr>0:9ð Þ
Women: GFR ¼ 144× sCr=0:9ð Þ−0:329×0:993Age×0:813 sCr≦0:7

� �
GFR ¼ 144× sCr=0:9ð Þ−1:209×0:993Age×0:813 sCr>0:7ð Þ

*eGFR equation for Japanese people21

Men: eGFR ¼ 194×sCr−1:094×Age−0:287

Women: eGFR ¼ 194×sCr−1:094×Age−0:287×0:739

Diabetes mellitus 13 (14.77)
2.5 | Statistical analysis

Measured and estimated values of CCr were plotted on the ordinate

and abscissa, respectively, and the regression equation was derived
for each generation. Regression lines were derived by the Deming

regression method. Differences between the measured and estimated

values of CCr were analyzed by using the following mean prediction

error (ME%) and mean absolute prediction error (MAE%) indices25:

ME %ð Þ ¼ 1
n
∑n

i¼1
predicted CCr‐CCr

CCr
×100

� �
;

MAE %ð Þ ¼ 1
n
∑n

i¼1
predicted CCr‐CCrj j

CCr
×100

� �
:

New coefficients were derived for the C‐G and Orita‐Horio equa-

tions by fitting to the measured data of CCr. All of the statistical anal-

yses, including fitting, were performed by using Origin2017 (OriginLab

Corp., Massachusetts, USA). In this study, all two‐sided p values were

calculated by the t test. The coefficient of determination (R2), which is
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the square of the Pearson correlation coefficient, was used to study

correlations between measured CCr values and GFR estimation equa-

tions. A Bland‐Altman plot for a difference versus an average for mea-

sured and estimated CCr values with 95% confidence interval (CI), was

done for the fitted C‐G and Orita‐Horio equation, and the figures are

shown in Supporting Information.
2.6 | Ethics guidelines

Researchers in this study complied with the Declaration of Helsinki

and ethics guidelines for human clinical trials. This study was approved

by the Ethics Committee of the Faculty of Pharmaceutical Sciences,

Hokkaido University (2016‐004). All the patients enrolled in this study

were informed that their data could be used for research and that they

could opt out, and that this protocol was approved by the Institutional

Review Board (IRB) of Sunagawa City Medical Center.
3 | RESULTS

3.1 | Study population

Data from 313 subjects, including 167 men and 146 women, were used

for analysis. Data for generation I were excluded from the analysis due

to the small number of subjects (one man and six women). Generation

II included 88 subjects (38 men and 50 women), generation III included

122 (69 men and 53 women), and generation IV included 103 (60 men
FIGURE 1 Changes in creatinine clearance with age (A: men, B: women)
and 43women). Baseline characteristics of the subjects are summarized

inTable 1. Overall, sCr and weight for women were significantly lower

than those for men (p < 0.05, t test). In the present population, women

showed a significantly higher CCr level than that inmen (p < 0.05, t test).

The clinical histories of subjects are shown inTable 2. In the clinical his-

tories, the following diseases that may influence kidney function were

considered: renal disease, prostatomegaly, heart failure, hepatopathy,

cancer, and lifestyle‐related diseases including high blood pressure,

hyperlipidemia, and diabetes mellitus. Figure 1 shows CCr changes with

aging. It can be seen in Figure 1 that CCr decreased with age at a rate of

1.17 mL/min/1.73m2 per year over the age of 40 years. We observed

that generation IV showed the largest reduction in CCr per year com-

pared with other generations.
3.2 | Comparison of renal function estimation
equations

The mean value (±SD) of measured CCr was 90.48 ± 40.38 mL/min/

1.73m2. The mean values (±SD) of CCr estimated by the C‐G and

Orita‐Horio equations were 64.25 ± 26.99 mL/min/1.73m2 and

78.33 ± 29.33 mL/min/1.73m2, respectively. In addition, the mean

values of GFR estimated by MDRD, CKD‐EPI, and eGFR equation

for Japanese people were 77.30 ± 31.92 mL/min/1.73m2,

65.55 ± 23.05 mL/min/1.73 m, and 59.72 ± 23.95 mL/min/1.73m2,

respectively. Figure 2 shows a plot of measured values versus values

estimated by each of the kidney function estimation equations. The



FIGURE 2 Relationship between measured
CCr and estimated CCr by (A) conventional C‐
G equation and (B) conventional Orita‐Horio
equation. If the plot falls on the ideal line
(y = x), the estimated value coincides with the
measured value. The formula results in
underestimation or overestimation when the
slope of the regression line is greater or
smaller than one, respectively
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regression lines are also shown. It can be seen in Figure 2 that the two

estimation equations, the conventional C‐G and Orita‐Horio equa-

tions, resulted in underestimation of kidney function (CCr) for people

over the age of 40 years. All the GFR values estimated by the MDRD,

CKD‐EPI, and eGFR equation for Japanese people were lower than

measured CCr due to secretion rates (data not shown). The results

presented in Figure 2A,B show that all of the conventional estimation

equations underestimated values of CCr for subjects over the age of

40 years. Therefore, we studied in detail the extents of the deviation

of the estimated values from the measured values. The values of ME

(%) and MAE (%) in terms of the two estimation equations are summa-

rized in Table 3. The values of ME (%) and MAE (%) for the C‐G
TABLE 3 ME (%) and MAE (%) values for overall subjects and sub-
jects in generations II‐IV in reference to three kidney function esti-
mation equations

Cockcroft‐Gault Orita‐Horio

ME (%) MAE (%) ME (%) MAE (%)

All (n = 313) −44.42 48.32 −14.96 24.96

Generation II (n = 88) −28.65 35.25 −19.31 28.15

Generation III (n = 122) −46.51 50.20 −18.29 26.56

Generation IV (n = 103) −55.40 57.25 −7.31 20.36

Abbreviations: MAE, mean absolute prediction error; ME, mean prediction
error.
equation were higher than those for the Orita‐Horio equation across

all generations, and the deviations were particularly large for genera-

tion IV. On the other hand, the values predicted by the Orita‐Horio

equation were closest to the measured values across all generations.

The coefficient of determination (R2) between measured CCr and

estimated GFR calculated by the MDRD, CKD‐EPI, and eGFR equa-

tion for Japanese people are shown in Table 4. Figure 3A‐C shows

the relationship between measured CCr and GFR estimated by the

MDRD, CKD‐EPI equation, and eGFR equation for Japanese people.

The results indicate that, when the value of measured CCr was

100 mL/min/1.73m2, the corresponding estimated values of GFR

were 79.41 mL/min/1.73m2 for MDRD, 71.09 mL/min/1.73m2 for

CKD‐EPI, and 65.36 mL/min/1.73m2 for eGFR equation for Japanese

people. All the values of the GFR estimation equations were

underestimated compared with measured CCr due to creatinine

secretion. In the case of CKD‐EPI, a reduction of almost 30% was

observed.
3.3 | Reconstruction of CCR estimation equations by
fitting

The subjects in this study cover awide range of ages, and include elderly

subjects with various diseases. Therefore, we tried to derive a new set

of coefficients by fitting the two CCr estimation equations to the



TABLE 4 The coefficient of determination (R2) in each estimation equation

R2

All Generation II Generation III Generation IV

C‐G 0.59694166 0.56136058 0.48059556 0.70581842

Orita‐Horio 0.66264484 0.60268827 0.51963914 0.80381983

MDRD 0.66497501 0.59079208 0.53418557 0.8120533

CKD‐EPI 0.66745632 0.57191406 0.5929308 0.74540776

eGFR 0.6566185 0.61268191 0.50515135 0.79652055

Abbreviations: CKD‐EPI, Chronic Kidney Disease Epidemiology Collaboration (CKD‐EPI); eGFR, estimated glomerular filtration rate; MDRD, Modification of
Diet in Renal Disease (MDRD).

FIGURE 3 Relationship betweenmeasuredCCr andGFR estimated byGFR estimation equations. A,Modification ofDiet in Renal Disease (MDRD)
equation. B, Chronic Kidney Disease Epidemiology Collaboration (CKD‐EPI) equation. C, glomerular filtration rate (GFR) estimation equation

TABLE 5 ME (%) and MAE (%) values of estimation equations after
fitting

Cockcroft‐Gault Orita‐Horio

ME (%) MAE (%) ME (%) MAE (%)

All (n = 313) −5.50 20.85 −1.24 17.69

Generation II (n = 88) −3.34 19.58 −1.43 18.18

Generation III (n = 122) −5.73 20.81 −4.02 18.45

Generation IV (n = 103) −1.68 19.32 2.12 16.54

Abbreviations:MAE,mean absolute prediction error;ME,mean prediction error.
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present population of subjects. The equation forms before and after the

fitting process are summarized below. The values of ME (%) and MAE

(%) for the C‐G and Orita‐Horio equations after the fitting are shown in

Table 5. Figure 4A,B shows the relationship between measured and

estimated values of CCr after the fitting process. Compared with

Figure 2A,B, the regression line of each estimation equation after the

fittingwas closer to the ideal line (y = x). It can also be seen inTable 5 that

the difference betweenmeasured and estimated values of CCrwas sub-

stantially reduced for all equations after the fitting. TheME (%) andMAE

(%) values of the C‐G equation were reduced to less than half after the

fitting, particular for generation IV.

The results of the Bland‐Altman plot with 95% CI for the fitted

C‐G and Orita‐Horio equations (see the figures in Supporting
Information) showed that no systematic errors were observed, and

the extent of scatters was small for the fitted Orita‐Horion equation

compared with the C‐G equation.



FIGURE 4 Relationship between measured
CCr and estimated CCr by the newly fitted
estimation equations. A, Fitted C‐G equation.
B, Fitted Orita‐Horio equation
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# Fitted renal function (CCr) estimation equations

• C‐G equation

After fitting

Men: Ccr ¼ 160−Ageð Þ×ABW kgð Þ
72×sCr

Women: Ccr ¼ 155−Ageð Þ×ABW kgð Þ
72×sCr

¼ 160−Ageð Þ×ABW kgð Þ
72×sCr

×0:96

• Orita‐Horio equation

After fitting

Men: Ccr ¼ 38−0:112×Age‐0:509×BMIð Þ×BW kgð Þ
14:4×sCr

Women: Ccr ¼ 32−0:086×Age‐0:418×BMIð Þ×BW kgð Þ
14:4×sCr

3.4 | Relationship between age and creatinine
excretion

The mean values of creatinine excretion were 0.96 ± 0.35 g/day

(mean ± SD) for the entire cohort, 1.12 ± 0.35 g/day for men and

0.78 ± 0.24 g/day for women. It was found that creatinine excretion
decreased 0.019 g/day per year with age. Creatinine excretion for

men was significantly different from that for women (p < 0.05, t test).

Figure 5 shows the relationship between creatinine excretion (mg/

day/BWkg) and age. The reduction of creatinine excretion was more

conspicuous for generation IV (over 75 years old) than for other

generations.
3.5 | Relationship between creatinine excretion and
BMI

The relationship between creatinine excretion (mg/day/BWkg) and

BMI is shown in Figure 6. The measured values of creatinine excretion

were found to be inversely proportional to BMI. There seemed to be

no correlation between BMI and age (data not shown).
4 | DISCUSSION

The cohort in the present study consisted of 313 Japanese people

over the age of 40 years, with a tendency for the morbidity rate to

increase with age. According to the Ministry of Health, Labour, and

Welfare of Japan, the number of people over the age of 65 years

who receive medical examinations and require hospitalization is

increasing compared with the numbers in other age groups.26 It is



FIGURE 5 Relationship between creatinine
excretion (mg/day/BWkg) and age (A: men, B:
women)

FIGURE 6 Relationship between creatinine excretion (mg/day/BWkg) and BMI (A: men, B: women)
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obvious that bodily functions decline with age and that renal function

differs depending on age even in the same ethnic group.27 Thus, an

appropriate kidney function estimation equation is needed for

improvement of therapeutic efficacy and for prevention of drug

adverse effects due to high or low dosages.

Table 1 shows the laboratory data for subjects in this study.

Because the present population covered a wide range of sCr, the

results of this study should be useful for estimating renal function of
patients, such as a decrease and increase of sCr due to the reduction

of muscle mass with age and renal failure, respectively.

The relationship between measured CCr and age is shown in

Figure 1. The figure shows a reduction of renal function with age. In

the United States, it has been reported that the GFR decreases

4 mL/min/1.73m2 per 10 years in persons under 45 years old, while

it decreases twice as fast (8 mL/min/1.73m2 per 10 years) in persons

over 45 years old.28 A recent report shows that the decrease in GFR
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starts around the age of 40 years, with a rate of approximately 1 mL/

min/1.73m2 per year.29 The present study also showed that the mea-

sured values of CCr were almost constant up to the age of 64 years

and started to decrease with age, with reductions of 3.0 mL/min/

1.73m2 per year for men and 2.7 mL/min/1.73m2 per year for women

between 65 and 74 years of age, and 3.4 mL/min/1.73m2 per year for

men and 3.2 mL/min/1.73m2 per year for women of over 75 years of

age. Thus, CCr values tend to decrease with age for both men and

women. The reduction of CCr becomes noticeable after 65 years of

age and reaches a maximum after 75 years of age. Considering the

above findings, caution is needed in the direct application of the

empirical renal function estimation equations, which were established

on the basis of populations in the United States and Europe, to the

Japanese population, due to ethnic and age differences as well as dif-

ferences in medical history. In the present study, there were few

patients with a renal disorder included in generation II (age: 40‐

64 years). Therefore, there seems to be no need to correct the C‐G

equation for generation II. However, correction of the C‐G equation

is required for generations III and IV (over the age of 65 years) due

to the sharp reduction of renal function, as shown above.

Among the two CCr estimation equations considered in this

study, the estimated values of CCr using the C‐G equation deviated

the most from the measured values, and the deviations increased

gradually with advance age. The ME (%) and MAE (%) values for the

C‐G equation reached maximum values in generation IV (age: over

75 years) before the fitting process, when the MAE (%) value was

57.5%. Therefore, the conventional C‐G equation should not be used

for estimating renal function in people over 75 years of age. Because

the C‐G equation is convenient in a clinical setting, a new set of

parameters was derived by fitting it to the present population

for respective generations. Notably, the MAE (%) value of generation

IV was decreased from 57.5% to 19.32%. With the newly adjusted

C‐G equation, the design of drug administration will be improved

drastically, especially in estimating renal function for generation IV,

which may lead to an understanding of pharmacokinetics for older

generations. In this study, we fit the C‐G equation to the partial

data corresponding to respective generations; however, few differ-

ences were found between the fit to the whole data and the fits to

the partial data (data not shown). Therefore, for the convenient use

in a clinical setting, we employed the C‐G equation fitted to the whole

data including all generations. Instead of the coefficient value of 140

in the conventional C‐G generation, accurate prediction of renal func-

tion for men in the present study was achieved by using the fitted

value of 160. In the case of women, the coefficient value for men mul-

tiplied by 0.96 was found by fitting. The difference between renal

function in men and women was, thus, found to be minor. The fact

that the intercept value of the C‐G equation was increased from 140

to 160 in the present population indicated that the reduction of renal

function with age for Japanese is likely be less than that for Americans

and Europeans. The C‐G equation is generally used in a clinical setting

for simply estimating renal function. This equation was originally

derived in reference to Americans and Europeans, and it was not par-

ticularly adapted for elderly people.6 A difference in estimated values

of renal function is likely to occur due to ethnic differences in body

composition, such as the mass of muscle, fat, and body water.30
Because the form and input parameters for the C‐G equation are

simple and useful for easy estimation of renal function in a clinical

setting, modification of the equation, as conducted in this study,

will enhance its usability.

One of the features of this study is that the subjects had a wide

range of sCr values compared with the values for subjects in other

studies. It is predicted that sCr values depend greatly on pathological

conditions and body compositions of subjects.31,32 Determination of

the effect of pathological conditions and body compositions on values

estimated by the C‐G equation will contribute to an understanding of

the difference in sCr values.

In the Orita‐Horio equation, which was established for Japanese

people, BMI was incorporated as an additional parameter into the C‐

G equation. Horio et al showed by multiple regression analysis that

BMI, which is an index of the degree of obesity, is a controlling factor

of creatinine excretion/BW (kg), and they proposed a formula by

introducing BMI to correct the age factor.18 However, BMI only indi-

cates the degree of obesity calculated from height and body weight. It

is generally predicted that elderly people develop edema due to dis-

ease or decline of renal function with age.33 In people who gain

weight due to edema, BMI may not be a controlling factor for sCr

because of the loss of muscle mass. Correction is required for a param-

eter concerning physical condition in an estimation equation for sub-

jects whose body composition is extremely deviated from the

average value. Adjusted body weight (ABW) was used in the C‐G

equation, as in this study, while BMI was incorporated in the Orita‐

Horio equation. In other studies, lean body mass (LBM) has been

used.31,34

The slope of the regression line was larger for generation II (40‐

64 years old) than for other generations in the relation between creat-

inine excretion and age (Figure 5). Thus, over the age of 65, creatinine

excretion started to decrease in the older generations. Horio et al

reported that the decrease in creatinine excretion with age is less for

Japanese than for Americans and Europeans, and the same trend

was also found in the present study.18 Also, in the present study, the

change in BMI with age was found to be relatively small (data not

shown). We showed that urinary creatinine excretion/BW (kg) tends

to decrease as BMI increases (Figure 6), as was pointed out by The

Ministry of Health, Labour and Welfare of Japan.13 However, focusing

more on the change of body composition with age along with BMI is

considered to lead to an accurate estimation of renal function, in par-

ticular in latter‐stage elderly people.31,35

Bretagne et al reported that there is a possibility of overestima-

tion of renal function using the C‐G equation for patients with low

LBM, which is determined by a Tomography, X‐Ray Computed (CT)

scan, and that the method using the cystatin C, which is independent

of muscle mass, is better suited for such patients.31 However, in the

process of estimating renal function using cystatin C, it is not clear

how factors such as adrenocortical steroid, medicine, and pregnancy

affect measured data. On the other hand, this method is considered

to be effective for people, particularly elderly people, whose muscle

mass has been extremely decreased or whose body composition has

been substantially altered. The applicability of the renal function

estimation method using cystatin C for elderly people should continue

to be studied in future works.
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The MDRD equation was developed for staging chronic kidney

disease (CKD) rather than adjusting drug dosage. In Japan, Clinical

Practice Guidebook for Diagnosis and Treatment of Chronic Kidney

Disease 201228 recommends the use of the MDRD equation for stag-

ing CKD. In this study, it was found that an improved correlation with

measured CCr was achieved by using GFR estimated by the MDRD

equation compared with using CCr estimated by the conventional C‐

G equation. However, it has been reported that the C‐G equation is

better suited for predicting renal function in early stage CKD patients

and elderly people.36 On the other hand, in the case of an obese pop-

ulation, the MDRD equation is found to be better for drug dosage

adaptation.37 Therefore, for drug dosage adjustment, whether we

should employ the C‐G equation or the MDRD equation depends on

the target population.

The correlation between measured CCr and estimated GFR calcu-

lated by the CKD‐EPI equation adjusted for Japanese people was

found to be almost the same as that by the MDRD equation. The dif-

ference between the CKD‐EPI equation designed for Japanese people

and the MDRD equation designed for Westerners was small because

the CKD‐EPI equation used here was not particularly adjusted for

elderly people. Because the values of sCr for elderly patients vary sig-

nificantly depending on the pathology of the disease, the criteria of

the sCr values for the CKD‐EPI equation should be adjusted.

In the same way, the correlation between measured CCr and esti-

mated GFR calculated by the eGFR equation for Japanese people was

found to be the same as that between measured CCr and estimated

CCr calculated by the fitted C‐G equation. A better correlation was

obtained by the fitted Orita‐Horio equation, because this equation

contains BMI as a parameter to correct body composition. Further

work should focus on such factors that affect the pharmacodynamics

of elderly people, such as body composition and sarcopenia.

It is difficult at this point to establish the index of kidney function

for drug dosage adjustment. Further study is needed to clarify the

relation between CCr and GFR and to establish the optimal use of

each kidney function estimation equation.
5 | CONCLUSION

The accuracy of data obtained by two conventional creatinine clear-

ance (CCr) estimation equations was investigated by comparison with

measured data from 313 subjects over the age of 40 years. The sub-

jects, which included a large number of elderly subjects, were divided

into three generation groups, and a detailed comparison of data in the

generation groups was made. Both renal function estimation equa-

tions, the Cockcroft‐Gault (C‐G) and Orita‐Horio equations, were

greatly improved by fitting the coefficients of the estimation equa-

tions, particularly for the elderly subjects. The results suggest that

the newly fitted Cockcroft‐Gault equation incorporating adjusted

body weight instead of measured body weight should be used for esti-

mating creatinine clearance as renal function due to its usability. In

addition, for the purpose of estimating renal function through GFR,

three GFR estimation equations, the MDRD, the CKD‐EPI, and eGFR

equation for Japanese people, were studied by comparing with mea-

sured CCr, and a coefficient of determination of above 0.65 was
obtained. Further work should explore the optimal renal function esti-

mation equations for drug dosage adjustment.
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