
INTRODUCTION

When administering drug therapies to geriatric patients, it is
important to design a treatment regimen that accounts for their
decreased physical capacity and changes in physiological function
that occur with age (1). As there is substantial individual variation
with respect to age-related renal function deterioration, it is neces-
sary to evaluate the renal function of each patient before issuing
medication prescriptions.
Inulin clearance is considered to be the gold standard for
measuring glomerular filtration rate (GFR), an index of renal
function (2). However, measuring inulin clearance is labor- inten-
sive and time-consuming, and, as such, this index is rarely used in
routine clinical practice. In particular, it is difficult for certain pa-
tients, such as recumbent geriatric patients, to drink sufficient
amounts of water and to produce frequent blood and urine samples
after receiving inulin. Thus, the serum creatinine (SCr) value, an
endogenous marker, often serves as a substitute indicator of renal
function. One problem affecting the use of creatinine as an index is
that SCr is influenced by factors other than renal function, such as
sex, age, ethnicity, and nutritional status, since the quantity of cre-
atinine produced by the body is proportional to muscle mass. Addi-
tionally, as creatinine is secreted in part by the renal tubules sepa-
rately from glomerular filtration, the SCr value will not increase
until renal function sufficiently decreases (3), and renal tubular

creatinine secretion is influenced by low albumin values (4, 5).
Meanwhile, serum cystatin C protein (CysC) concentration,
which became a Japanese National Health Insurance adaptation in
October 2005, is dependent on GFR (6), and is not readily influ-
enced by factors, such as muscle mass, diet, or exercise habits.
Additionally, endogenous production remains constant regardless
of age or sex (7, 8). Therefore, CysC has been recognized as a
marker of early -stage renal dysfunction that has high clinical utility
(9, 10). SCr value measurements cannot accurately assess the ex-
tent of age-related decreases in renal function, but CysC levels in-
crease with age (11) ; hence, this index can be used for such assess-
ments (12, 13). However, there are several barriers to the use of
this assay, including its higher cost compared with SCr measure-
ment, the fact that only one CysC measurement per 3-month
period is reimbursable under the Japanese National Health Insur-
ance System, its ability to be influenced by medicines and thyroid
dysfunction (14-16), and the observation that increases in CysC
values peak in conjunction with end-stage renal failure due to its
metabolism/excretion outside the kidney (17). For these reasons,
CysC values have limited clinical application, and therefore ad-
hering to the most suitable, situation-specific uses of either CysC or
SCr values is essential when evaluating renal function.
Creatinine production is decreased in long-term recumbent pa-
tients and elderly people with poor nutritional status or low muscle
mass. For this reason, diminished renal function is not necessarily
reflected in SCr values. Creatinine clearance (CCr) calculated by
renal function estimation formulas using the SCr value may result in
overestimation. The SCr value is an excellent index of renal func-
tion that is simple, inexpensive, and reproducible, but is consid-
ered to be dependent on muscle mass. As the Cockcroft -Gault
(CG) formula (18) and other such formulas (19-21) do not account
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for muscle mass and degree of obesity, the use of estimated cre-
atinine clearance (eCCr) values can be problematic with respect to
geriatric patients since muscle mass decreases with age. As such,
the purpose of this study was to collect data from bedridden
elderly patients to investigate the relationship between eCCr
values and various detailed body composition data, including
muscle mass and body fat volume, and to establish a novel CCr
estimation formula for use in recumbent geriatric patients. The per-
formance of the new estimation formula was evaluated by comparing
eCCrvalues calculated using the new formula to the measured CCr
(mCCr) values based on a 24-hour urine collection method.
Next, the values of estimated glomerular filtration rates (eGFR)
based on the CysC or various CCr values were compared in order to
investigate which method is suitable to determine the renal func-
tion of bedridden patients. Horio et al. reported that the eGFR
based on the CysC (eGFR(CysC)) was compatible with the measured
GFR using inulin renal clearance (22). Since the inulin clearance
was not obtained in this study, we used eGFR(CysC) as an indicator of
renal function and compared the GFR(control)value obtained from the
mCCr value and other eGFR values, as calculated by CCr values
based on the SCr.
Finally, we evaluated the patients’ conditions based on the
Japanese Society of Nephrology chronic kidney disease (CKD)
severity classification using various GFR values, and evaluated our
new estimation formula in Japanese bedridden elderly patients.

METHODS

Study population

We studied 77 recumbent patients aged 65 or older who were
hospitalized at Naruto Yamakami Hospital between August 2014
and July 2016. Patients with missing limbs and those undergoing
treatment for infection were excluded. Since elderly people often
have multiple chronic diseases and take multiple drug combina-
tions, no exclusion criteria related to current diseases or concomi-
tant medications were established.

Assessment of renal function
1. Measurement of renal function

In this study, mCCr was based on the 24-hour urine collection
method (2) to accurately evaluate the patients’ renal functions. To
ensure precise urine collection, an indwelling bladder catheter was
inserted into all patients. To ensure the reliability of the urine collec-
tion, the excretion of urinary creatinine (UCr) in one day was
checked (23). Urine collection was initiated at a designated time
and then continued until the same time on the following day. Total
urine volume (mL/day) was measured after mixing the samples
thoroughly, and a portion of the urine collected was used to deter-
mine the UCr concentration (mg/dL). SCr (mg/dL) was meas-
ured in the morning before patients took meals, and mCCr (mL/
min) was calculated based on the following formula :
mCCr = (UCr × total urine volume) / (SCr × 1440)
Where, total urine volume is in mL.

2. Estimation of renal function

The CG equation (18) was used to calculate eCCr. The SCr value
used in the CG formula was determined colorimetrically using the
Jaffé rate assay. Therefore, it was necessary to convert the enzy-
matic SCr value (SCr(Enz)), which was measured using the creat-
inase-sarcosine oxidase-peroxidase method (24, 25), to a value
approximating the SCr value determined using the colorimetric
Jaffé assay, before applying the value to the CG formula. The
eCCr(Enz + 0.2) was calculated using the Jaffé assay-equivalent SCr
value. SCr(Enz + 0.2), obtained by adding 0.2 mg/dL to the SCr(Enz)
value, according to the method proposed by Horio and Orita (26).

With the CG equation, eCCr(Enz) and eCCr(Enz + 0.2) values were
estimated using formulas (A) and (B) below, respectively.
eCCr(Enz) = ((140-Age) × Weight) / (72 × SCr(Enz)) × 0.85 (in
women) ···(A)
eCCr(Enz + 0.2) = ((140-Age) × Weight) / (72 × (SCr(Enz) + 0.2)) × 0.85
(inwomen) ···(B)
Where, eCCr(Enz) and eCCr(Enz + 0.2) are in mL/min, age is in years,
and weight is in kg.

3. Development of a novel estimation formula

Multiple linear regression analysis was performed using mCCr
values as dependent variables, and eCCr(Enz + 0.2) values, serum albu-
min values, triceps skinfold thickness (TSF), arm muscle area
(AMA), skeletal muscle mass (SMM), hemoglobin values, and
body fat mass (BFM) as independent variables. Multicollinearity
was confirmed not to occur between independent variables based
on variance inflation factor (VIF) values. Parameters having sub-
stantial impact on the dependent variable (mCCr) based on the
absolute value of the standard partial regression coefficient (β)
were selected and new estimation formulas (C) and (D) were cre-
ated in the results.
SCr and UCr values were determined using the enzymatic
method with an Aqua Auto-Kainos CRE-II reagent (Kainos Co.,
Tokyo, Japan). CysC values were measured using the gold colloid
colorimetric method with the Nescoat GC Cystatin C Kit (Alfresa
Pharma, Osaka, Japan). Several types of automatic analyzers were
used as measurement devices (AU5800 (Beckman Coulter, Tokyo,
Japan) ; JCA-BM 9130, JCA-BM 8030 (JEOL Ltd., Tokyo, Japan)).

Physical measurement method

The bioelectrical impedance method is atechnique for measur-
ing body composition by determining a resistance value (imped-
ance) that is created by the body from the application of a weak and
harmless electrical current of approximately 1 mA. The In Body S20
(INBODY JAPAN CORPORATION, Tokyo, Japan) body composi-
tion analyzer was used to measure physical metrics, such as the
SMM and BFM. A total of 8 touch type electrodes were meas-
ured : 1 electrode on each of the thumb and middle fingers on the
left and right hands (4 points) and 1 electrode on the inner and
outer temporal surfaces of the left and right heels (4 points).
Electrode measurements were taken with patients lying supine on a
bed.
TSF and arm circumference (AC) measurements were ob-
tained at the level of the midpoint between the acromion and olecra-
non processes in the non-dominant and non-paralyzed arm. AC
(cm) and TSF (mm) were measured using the insertape and adi-
pometer (Abbott Japan Co., Ltd., Tokyo, Japan), and the average of
three readings in a single place was used. AMA (cm2) was calcu-
latedbasedonthe following formula(27) :
AMA=(AC -3.14×TSF)2/(4×3.14)

GFR (mL/min/1.73 m2) Estimation Formulas

CCr (mL/min) was converted to GFR (mL/min/1.73m2) using
the following GFR estimation formula. A body surface area (BSA)
correction was performed using the DuBois formula (28), as fol-
lows :
BSA = 0.007184 × Height 0.725 × Weight0.425

Where, BSA is in m2, height is in cm, and weight is in kg.

Japanese GFR estimation formula using serum CysC (2, 22) :
eGFR(CysC) = (104 × CysC-1.019 × 0.996Age × 0.929 (in women) -8

···Equation1
Where, CysC is in mg/L.

Formula to estimate GFR(control) from mCCr values (2, 19)
GFR(control) = 0.715 × mCCr × 1.73/BSA ···Equation2
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Japanese GFR estimation formula using SCr(Enz) values (2, 19)
eGFR(creat) = 194 × Scr(Enz) - 1.094 × Age - 0.287 × 0.739 (in women)

···Equation3

Estimation formula using eCCr(Enz) values (2, 19) calculated by the
CG formula with SCr(Enz) values (18)
eGFR(CG) = 0.789 × eCCr(Enz) × 1.73/BSA ···Equation4

Novel estimation formula using eCCr(Enz + 0.2) values corrected using
TSF (eCCr(TSF))
eGFR(TSF) = 0.789 × eCCr(TSF) × 1.73/BSA ···Equation5

Novel estimation formula using eCCr(Enz + 0.2) values corrected using
BFM (eCCr(BFM))
eGFR(BFM) = 0.789 × eCCr(BFM) × 1.73/BSA ···Equation6

Statistical analysis

The minimum required sample size was calculated a priori to
be 31 patients, using A-priori Sample Size Calculator for Multi-
ple Regression software version 4.0 (29), based on an α=0.05,
power of 80%, and a large effect size (0.35) with 2 predictors.
The results are expressed as the mean� standard deviation
(mean�SD). The intercept and slope of the regression equation of
eCCr(y) and mCCr(x) and the coefficient of determination R2 were
used to evaluate the predicted performance.
A Bland-Altman analysis (30) was performed to assess the
degree of agreement between the mCCr and eCCr values. The
average of the differences between the eCCr and mCCr values was
taken as bias or systemic error and the standard deviation (SD) of
the differences was taken as an index of precision. The average
value�2 SD was taken as the 95% limits of agreement (LOA). The
proximity of the average of the differences between the eCCr and
mCCr values from zero was considered to be highly consistent.
The accuracy of the eCCr values obtained was defined as the per-
centage of patients for which errors between the mCCr and eCCr
values were within�30%.
A one-way analysis of variance (ANOVA) was conducted using
GFR (mL/min/1.73 m2) values calculated by a different method as
the dependent variable and the calculation method as the group
variable, and multiple comparisons tests were conducted for all
pairs. Patients’ GFR (mL/min/1.73 m2) values calculated by each

method were also classified by disease stage based on the Japanese
Society of Nephrology CKD severity classification (2), as fol-
lows : G1 (GFR�90, normal), G2 (GFR 60-89, normal to mild
deterioration), G3a (GFR 45-59, mild to moderate deteriora-
tion), G3b (GFR 30-44, moderate to pronounced deterioration), G4
(GFR 15-29, pronounced deterioration) and G5 (GFR�15, end-
stage renal failure). The degree of agreement was compared using
Pearson’s x2 test.
A p-value of�0.05 was considered to be statistically significant.
Statistical analyses were performed using the JMP 11.0 software
(SAS Institute, Cary, NC, USA).

RESULTS

The backgrounds of the 77 subjects (34 men, 43 women) tar-
geted by this study are shown in Table 1. The measured mean SMM
was 17.18�2.98 kg in men and 12.14�2.32 kg in women (p�
0.0001), with a statistically significant difference between the male
and female patients. The mean SCr value was 0.89�0.44 mg/dL in
men and 0.70�0.45 mg/dL in women. Male patients tended to
have slightly higher SCr values, although this difference was not
significant (p = 0.06). No differences between the sexes were ob-
served with respect to the other measurement items.
A simple linear regression analysis using mCCr values as the
dependent variable and eCCr values as the independent variable
resulted in (a) eCCr(Enz) values calculated using SCr(Enz) values (R2 =
0.74), or (b) eCCR(Enz + 0.2) values calculated using SCr(Enz + 0.2) values
(R2 = 0.72). Significant positive correlations were observed be-
tween the mCCr and both eCCr(Enz) and eCCr(Enz + 0.2) values (p�
0.0001) (Figures 1 [a] and [b]). A favorable linear regression equa-
tion (y = 1.07x + 1.00, R2 = 0.72, p �0.0001) was obtained in
Figure 1 (b) when the SCr(Enz + 0.2) values were used to estimate
eCCr. Figures 2 (a) and (b) show the Bland-Altman plot in which
the average of the mCCr and eCCr values are plotted on the x-axis
and the difference between the mCCr and eCCr values are plotted
on the y-axis. When the SCr(Enz) values were used in method (a),
the average difference was 11.6 mL/min and the standard devia-
tion was 15.3 mL/min (Table 2). In contrast, the average differ-
ence was smaller ( - 3.57�11.1 mL/min) in method (b) when the
SCr(Enz + 0.2) values were used (Table 2). Thus, the eCCr(Enz + 0.2) values

Table 1. Patient characteristics

Men
(Mean�SD)

Women
(Mean�SD) (Mean�SD)

All
(minimum - median - maximum)

Number 34 43 77
Age (years) 82.9�5.75 83.8�9.47 83.4�0.81 (65 - 85 - 98)
BMI (kg/m2) 18.8�2.99 19.9�3.62 19.4�3.38 (10.3 - 19.6 - 27.0)
Alb (g/dL) 2.85�0.57 2.96�0.47 2.91�0.52 (1.9 - 2.9 - 4.4)
SCr (mg/dL) 0.89�0.44a) 0.70�0.45a) 0.78�0.45 (0.17 - 0.65 - 2.26)
BUN (mg/dL) 22.4�10.5 23.6�15.3 23.0�13.3 (4.3 - 20.9 - 74.1)
CysC (mg/L) 1.86�0.67 1.80�0.77 1.82�0.72 (0.61 - 1.67 - 4.24)
mCCr (mL/min) 46.84�21.87 39.77�19.71 42.89�20.86 (6.67 - 42.42 - 97.99)
eCCr(Enz) (mL/min) 55.10�24.93 54.07�32.13 54.52�28.99 (10.45 - 50.64 - 169.58)
TSF (mm) 6.77�4.44 7.86�4.93 7.40�4.73 (1.0 - 6.0 - 23.0)
BFM (kg) 17.21�7.18 18.12�5.44 17.74�6.19 (6.5 - 18.4 - 38.0)
AMA (cm2) 32.11�8.56 29.85�7.86 30.81�8.19 (6.1 - 29.9 - 51.7)
SMM (kg) 17.18�2.98* 12.14�2.32* 14.29�3.61 (6.1 - 13.8 - 23.9)

BMI : Body mass index ; Alb : Serum albumin ; SCr : Serum creatinine ; BUN : Blood urea nitrogen ; CysC : serum cystatin C ; mCCr : measured
creatinine clearance ; eCCr(Enz) : creatinine clearance estimated using the Cockcroft -Gault formula ; TSF : triceps skinfold thickness ; BFM : body fat
mass ; AMA : arm muscle area ; SMM : skeletal muscle mass ;
Data are expressed as mean�standard deviation (SD). a) p = 0.06, *p�0.0001
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calculated with SCr(Enz + 0.2) in method (b) were used for the subse-
quent analyses.

Next, a multiple regression analysis was performed using the
mCCr values as the dependent variable and the eCCr(Enz + 0.2) values,
serum albumin values, TSFs, AMAs, SMM, hemoglobin values,
and BFMs as the independent variables. The multiple linear re-
gression indicated that the mCCr values were positively corre-
lated with the eCCr(Enz + 0.2) and serum albumin values and nega-
tively correlated with the BFMs and TSFs (Table 3). The statisti-
cally significant independent variables, for which the absolute
values of the standard partial regression coefficients (β) were rela-
tively large (β�0.2), were selected after confirming that there were

no instances of multicollinearity with enough low VIF values (VIF�
2.0 in Table 3). Under these conditions in the multiple regression
analysis, eCCr(Enz + 0.2) (β= 0.98), TSF (β= -0.24), and BFM (β= -0.25)
were selected as the independent variables to predict the CCr val-
ues. Since both TSF and BFMmeasurements are indices of body
fat volume, a CCr estimation formula (C) or (D) using eCCr(Enz + 0.2)
values and either TSF or BFM was built with high performance.
eCCr(TSF) = 5.75 + 1.11 × eCCr(Enz + 0.2) -0.93 × TSF ···(C)

n = 73, R2 = 0.768, s = 10.4, F = 116.0
eCCr(BFM) = 16.5 + 1.14 × eCCr(Enz + 0.2) -1.08 × BFM ···(D)

n=54,R2=0.761, s=9.89,F=81.3
Where,eCCr is inmL/min,TSFis inmmandBFMis inkg.

Figure 1. Correlation between mCCr and eCCr values obtained by
different methods.
(a) eCCr(Enz) was calculated using the SCr(Enz) value determined by the
enzymatic method ; (b) eCCr(Enz + 0.2) was calculated using the SCr(Enz + 0.2)
value obtained by adding 0.2 mg/dL to the SCr(Enz) value ; (c) eCCr(TSF)
was corrected eCCr(Enz + 0.2) with triceps skinfold thickness (TSF) ; (d)
eCCr(BFM) was corrected eCCr(Enz + 0.2) with body fat mass (BFM). Solid
lines represent the line of identity.

Figure 2. Bland-Altman plots showing the differences between mCCr
and eCCr values obtained by the different methods.
(a) eCCr(Enz) was calculated using the SCr(Enz) values determined by the
enzymatic method ; (b) eCCr(Enz + 0.2) was calculated using the SCr(Enz + 0.2)
value obtained by adding 0.2 mg/dL to the SCr(Enz) value ; (c) eCCr(TSF)
was corrected eCCr(Enz + 0.2) with triceps skinfold thickness (TSF) ; (d)
eCCr(BFM) was corrected eCCr(Enz + 0.2) with body fat mass (BFM). The
solid line indicates the mean difference, and the dashed lines depict the
upper and lower 95% limits of agreement.

Table 2. Mean difference between mCCr and eCCr values and accuracy of the eCCr measurement in the Bland-Altman analysis

Equations Mean of difference�SD
(mL/min)

95% limits of agreement
(mL/min)

Accuracy within 30%
(%)

eCCr(Enz) 11.6�15.3 8.16 - 15.1 71.4
eCCr(Enz + 0.2) -3.57�11.1 -6.08 - -1.05 70.1
eCCr(TSF) -0.087�10.2 -2.47 - 2.30 75.3
eCCr(BFM) 0.015�9.7 -2.63 - 2.66 77.8

mCCr, measured creatinine clearance ; eCCr, estimated creatinine clearance.
eCCr(Enz) = [(140 - Age) × Weight]/[72 × SCr(Enz)] × 0.85 (if women)
eCCr(Enz + 0.2) = [(140 - Age) × Weight]/[72 × (SCr(Enz )+0.2)] × 0.85 (if women)
eCCr(TSF) = 5.75 + 1.11 × eCCr(Enz + 0.2) - 0.93 × TSF
eCCr(BFM) = 16.5 + 1.14 × eCCr(Enz + 0.2) - 1.08 × BFM
Where, eCCr is in mL/min, age is in years, weight is in kg, SCr is in mg/dL, TSF is in mm, and BFM is in kg.
In the Bland-Altman analysis, the accuracy of the eCCr measurement was defined as the percentage of patients with eCCr values within�30% of
the mCCr values. Data are expressed as mean�standard deviation (SD).
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In a simple linear regression analysis, the coefficients of de-
termination between the dependent variable (i.e., the mCCr values)
and the independent variables (i.e., eCCr(TSF) and eCCr(BFM)) were
0.767 and 0.761, respectively. Both the eCCr(TSF) and eCCr(BFM) val-
ues demonstrated a significantly positive correlation with the
mCCr values (p�0.0001) (Figures 1 (c) and (d)).
A Bland-Altman plot of the mCCr values and either the eCCr(TSF)
or the eCCr(BFM) values is shown in Figures 2 (c) and (d). The
analysis results are summarized in Table 2. The average difference
between the eCCr(TSF) values was 0.087 mL/min, with a SD of 10.2
mL/min. For the eCCr(BFM) values, the average difference was
0.015 mL/min and the SD was 9.70 mL/min, both of which were
smaller than those of the eCCr(Enz) or the eCCr(Enz + 0.2) values. The
accuracy of the eCCr values was defined as the percentage of
patients for which the degree of error between their corresponding
mCCr and eCCr values fell within�30%, and the 4 groups were
compared relatively. As a result, the accuracy of the eCCr(BFM)
values was the highest at 77.8%, followed by the eCCr(TSF) values at
75.3%. Compared to these, the accuracy of eCCr(Enz) and eCCr(Enz+0.2)
were lower at 71.4% and 70.1%, respectively (Table 2).
Next, using the obtained CCr (mL/min) values, the estimated
GFR (mL/min/1.73 m2) value for each patient was calculated
based on the GFR estimation formulas described above (Equation 1
through Equation 6). Box-and-whisker plots of the distribution of
GFR (mL/min/1.73 m2) values in the 6 eGFR groups are shown in
Figure 3. A one-way ANOVA was performed with the GFR estima-
tion method as a group variable and the derived GFR values as
dependent variables. Significant differences were observed be-
tween the groups. Further, to determine which groups exhibited
differences, a nonparametric, multiple comparison test was per-
formed using the Steel -Dwass method. As a result, no significant
difference was observed between the eGFR(CysC) group and the
GFR(control) group. The mean value of eGFR(creat) group was signifi-
cantly higher than those of all other groups (p�0.05). No signifi-
cant differences were observed between the GFR(control) and the
eGFR(TSF) groups, the GFR(control) and the eGFR(BFM) groups, or the
eGFR(TSF) and the eGFR(BFM) groups (Figure 3).
Furthermore, each patient’s degree of renal dysfunction was
classified by stage based on the Japanese Society of Nephrology
CKD severity classification, and the degrees of coincidence were
compared using Pearson’s x2 test based on the derived GFR values
(mL/min/1.73 m2). The results are described in Figure 4. When
the eGFR(CysC) value was used to evaluate the patient’s renal func-
tion, it was shown that only 6 (7.9%) patients hadnormal or nearly
normal renal functions, while 71 patients (92.1%) exhibited a
degree of renal failure. In detail, 2 (2.6%), 4 (5.3%), 11 (14.5%), 30
(39.5%), 24 (31.6%), and 5 (6.6%) patients were classified as having
CKD stages G1, G2, G3a, G3b, G4, and G5, respectively. Using the

GFR(control) values derived from the mCCr values based on the 24-
hour urine collection method, there were 2 (2.6%), 8 (10.4%), 19
(24.7%), 22 (28.6%), 18 (23.4%), and 8 (10.4%) patients classified as
having CKD stages G1, G2, G3a, G3b, G4, and G5, respectively. It
was shown that thepatterns of CKD severity classification were not
significantly different between the eGFR(CysC) and GFR(control) groups.
Therefore, the CKD severity patterns of the other 4 eGFR groups,
which were calculated with eCCr values based on the SCr, were
compared with those of the GFR(control)group. When evaluating with
the eGFR(creat) value recommended by the Japanese Society of
Nephrology CKD Guide (2), more than 60% of patients were classi-
fied as having G1 (37.7%) and G2 (26.0%), whereas, many patients
were classified as normal or nearly normal regardless of their poor
renal function. In contrast, the data in the GFR(control) group showed
that 13% of patients were classified as having both G1 and G2 stages,
thereby accounting for approximately 20% of the eGFR(creat) patient
group. In the eGFR(CG) group, the proportion of patients classified
within the normal range was also relatively higher that the propor-
tion in the GFR(control)group, as the proportion of G1 and G2 among

Table 3. Relationship between mCCr and various factors : multiple regression analysis

Independent variables Partial correlation
coefficient (β) 95% CI VIF p-value

eCCr (Enz + 0.2) 0.98 1.00 - 1.39 1.58 �0.0001
BFM -0.25 -1.4 - -0.28 1.77 0.0041
TSF -0.24 -1.7 - -0.32 1.69 0.0052
Alb 0.15 0.05 - 13.7 1.39 0.048
AMA -0.077 -0.62 - 0.23 1.8 0.37
Hb 0.057 -1.51 - 3.06 1.77 0.50
SMM 0.054 -0.55 - 1.14 1.45 0.48

CI : confidence interval ; VIF : variance inflation factor ; eCCr(Enz+0.2) : creatinine clearance estimated using the Cockcroft -Gault formula with SCr to
which we added 0.2 mg/dL to the enzymatically measured value ; BFM : body fat mass ; TSF : triceps skinfold thickness ; Alb : serum albumin ;
AMA : arm muscle area ; Hb : hemoglobin value ; SMM : skeletal muscle mass.

Figure 3. Box-and-whisker plots of GFR(control) and eGFR values
obtained by different methods.
The equations to estimate GFR values were described in the methods.
eGFR(CysC), based on the Japanese estimation formula using CysC ;
GFR(control), based on the mCCr value ; eGFR(creat), based on the Japanese
GFR estimation formula ; eGFR(CG), based on eCCr(Enz) estimated by the
Cockcroft -Gault formula with enzymatic SCr ; eGFR(TSF), based on
eCCr(TSF) ; eGFR(BFM), based on eCCr(BFM). The box-and-whisker plots
represent the medians and interquartile ranges. Medians are indi-
cated by the lines inside the boxes. Boxes indicate the interquartile
range. Whiskers indicate the maximum and minimum values. Data were
analyzed using one-way ANOVA followed by the Steel -Dwass test. A
significant difference (p�0.05) was observed between the eGFR(creat)
group and all other groups. No significant differences were observed
between the other groups.

The Journal of Medical Investigation Vol. 65 August 2018 199



patients was 11.7% and 19.5%, respectively. Meanwhile, no signifi-
cant difference in CKD classification patterns in the GFR(control)
group was observed in either the eGFR(TSF) group (p=0.640) or the
eGFR(BFM) group (p=0.406), based upon the new GFR estimation
formula developed in this study.

DISCUSSION

When administering drug therapy, overestimation of renal func-
tion leads to adverse drug events, while underestimation can lead to
improper timing of administration. Therefore, accurate renal func-
tion assessment is essential for ensuring safe and efficacious drug
therapy. Normally, SCr values are used as an index of renal func-
tion. However, renal function assessments based on SCr values
have low reliability, particularly in geriatric patients. Since sys-
temic SMM decreases with age, the accuracy of estimation formulas
based on SCr values and parameters related to muscle mass could
potentially be improved with respect to geriatric patients. There-
fore, in this study, we attempted to develop a novel CCr estimation
formula to correct the CG formula using physical measurement
data for use in elderly bedridden patients first, and then evaluated
the clinical utility of the formula.
The In Body S20 apparatus was used during this study to accu-
rately measure SMM and BFM. However, due to the high cost of
the In Body S20, only a limited number of medical institutions and
facilities make use of this system, and using the system in routine
clinical practice or in elder care facilities is difficult. Furthermore,
even with simple body composition meters/adipometers, their use
can be difficult in bedridden patients because of the need to step
onto the measurement platform or grasp the electrode. Thus, in-
stead of measuring SMM and BFM with special equipment, we
considered substituting physical measurement indices, such as
the AMA and TSF, which are routinely measured by clinical nutri-
tionists to assess the nutritional status of geriatric patients.
In this study, we demonstrated that BMF or TSF, markers of
body fat volume, were useful in correcting the estimation of renal
function in elderly patients. A potential reason for these observa-

tions may be the fact that this study included bedridden geriatric
patients, who tend to exhibit reduced physical activity in conjunc-
tion with aging, often suffer from additional conditions, and usually
have an altered nutritional status. Elderly people are often in a
qualitatively obese state (increased proportion of adipose tissue) as
muscle mass decreases while body fat mass increases with age
(31). We can infer that these factors likely have a multifaceted
impact on bedridden geriatric patients. Furthermore, the results of
this study are consistent with the results of reports on body fat and
renal function deterioration (32-35).
According to the results of the present study, it was found that
the patients’ renal function can be assessed most accurately using
our new eCCr(BFM) estimation formula based on the CG formula that
was corrected using SCr(Enz + 0.2) values and BFM (Table 2). The
eCCr(TSF) values calculated using TSF also had a high degree of
agreement with the mCCr similar to the eCCr(BFM) values (Table 2).
Generally, in the case of drugs that are excreted from the kidney,
the method of drug administration should be changed according to
the CCr value of individual patients, as stated in the package insert.
Therefore, the eCCr(BFM) and eCCr(TSF) values may be useful for the
prescriber to adjust the drug dosage.
As shown in Figure 3, the multiple comparisons test revealed no
significant differences between the GFR(control) group and the
eGFR(TSF) or eGFR(BFM) groups, and no difference was observed
between the eGFR(TSF) group and the eGFR(BFM) group. There-
fore, it is clear that substituting the anthropometrical TSF values is
sufficiently feasible in cases where BFM cannot be measured using
the bioelectrical impedance method from bedridden patients. In
addition, it was also suggested that high TSF values were not re-
flective of edema due to renal dysfunction in these patients.
The severity of patients’ kidney dysfunction has traditionally
been classified using the Japanese Society of Nephrology CKD
severity classification (2). It has been reported that the measured
GFR value, which is based on inulin, and the eGFR(CysC) value are
similar (22). In eGFR(CysC), which uses values that are similar in
nature to that obtained by measuring inulin, 92% of patients were
classified as having CKD stage G3 or higher, exhibiting a moderate
or more severe reduction in renal function. Since there was no
difference in classification pattern in the GFR(control) group when
using the mCCr and the eGFR(CysC) group, which used values that
are similar in nature to that obtained by measuring inulin, we com-
pared other methods to the GFR(control) value, which we considered
the control group. In so doing, we found that using eGFR(creat),
which is usually used for CKD severity classification, resulted in
60% of patients being classified as having stage G1 to G2. Since
eGFR(creat) is clearly different from the classification pattern deter-
mined using other methods, we determined that eGFR(creat) is not
suitable for elderly people. Furthermore, when compared to
GFR(control), eGFR(CG) resulted in more patients being considered
normal. It was revealed that the eGFR(creat) and the eGFR(CG) groups
did not reflect the actual renal function of patients. Consequently,
making these values an indicator of renal dysfunction might lead
delaying the timing of treatment and suboptimal results with regular
dosages for patients. Meanwhile, the eGFR(TSF) and eGFR(BFM)
groups showed the classification pattern closest to the GFR(control)
group derived from mCCr (Figure 4). Furthermore, no difference
was found in the classification patterns of eGFR(CysC), GFR(control),
and eGFR(TSF). Therefore, when mCCr or CysC cannot be meas-
ured, eCCr(TSF) values calculated using TSF can be an alternative
method of renal function evaluation in bedridden elderly patients.
Based on these results, we named this new TSF-based estima-
tion formula the “Naruto” formula, which is named after our
hospital.
eCCr(Naruto) = 5.75 + 1.11 × eCCr(Enz + 0.2) -0.93 × TSF

= 5.75 + 1.11 × [(140 -Age) × Weight] / [72 × (SCr(Enz) +
0.2)]× 0.85 (in women) -0.93 × TSF

Figure 4. Contingency analysis of chronic kidney disease severity by
GFR value.
The GFR values were estimated by the equations described in the
methods. GFR stages : descriptions and range (mL/min/1.73 m2) were
according to the Japanese Society of Nephrology CKD severity classifica-
tion as follows, G1 : GFR�90, G2 : GFR60~89, G3a : GFR45~59, G3b :
GFR30~44, G4 : GFR15~29, G5 : GFR<15. To enhance the interpretabil-
ity of the results, a Pearson Chi square analysis was used. Mosaic plots
shows that the eGFR(TSF) or eCCr(BFM) groups were most similar to the
classification patterns observed for the GFR(control) group.
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eGFR(Naruto) = 0.789 × eCCr(Naruto) × 1.73 / BSA
Where, eCCr is in mL/min, Age is in year, Weight is in kg, SCr is in
mg/dL, TSF is in mm, eGFR is in mL/min/1.73 m2, and BSA is in
m2.

Because the Naruto formula utilizes clinical laboratory values and
routine nutrition management metrics in bedridden geriatric pa-
tients, eCCr(Naruto) values can be calculated easily without additional
costs or the utilization of specialized resources. The eGFR(Naruto)
values that derive from eCCr(Naruto) values have been demonstrated to
correlate with CKD severity classification corresponding to GFR(control)
values when evaluating patients’ renal functions. These observa-
tions indicate that renal function determinations using the Naruto
formula in bedridden geriatric patients is extremely useful from the
perspective of drug therapy optimization. We expect that this for-
mula will be utilized in clinical practice.
Limitations of this study include the fact that results were ob-
tained from a single elder care facility, and the fact that the patients’
concomitant medications and prior medical histories were not con-
sidered in our assessment. In this study, mCCr was considered to be
the true renal function of the patient. There is a large difference
between mCCr value and inulin clearance value, and correction is
reportedly necessary (19, 26, 36). However, no correction method
has been established for elderly people or elderly people with
sarcopenia (37). Furthermore, the difference between the mCCr
value and the inulin clearance value increases in accordance with
renal function deterioration (19, 26, 38). Furthermore, since the
SCr value is included in the mCCr formula, a bedridden elderly
patient with a low SCr value may possibly result in the overestima-
tion of mCCr itself. Since the SCr value is also used for the new
estimation formula, the problem of using the SCr value has not
been resolved. In cases of low SCr value, it is unclear the extent to
which mCCr correlates with inulin clearance. Accordingly, further
verification of our results based on data obtained from additional
patients and facilities is necessary.

CONCLUSION

In the present study, we developed a novel equation to update the
CG equation, called the “Naruto” formula, for estimating the CCr
when evaluating the renal function of Japanese bedridden elderly
patients. In using eCCr(Naruto) values corrected by the anthro-
pometrical TSF value, we were able to derive the eGFR(Naruto)
values, which sufficiently correlated with the CKD severity classifica-
tion pattern corresponding to the real GFR. The Naruto formula
can be clinically useful for managing drug therapies of geriatric
patients by determining their renal functions without the use of
expensive equipment and avoiding incurring additional medical
expenses. Notably, as the SCr value is included in the mCCr for-
mula, a bedridden elderly patient with a low SCr value may possibly
suffer from the overestimation of the mCCr itself. Since the SCr
value is also used for the new estimation formula, we have not
resolved the concern of using the SCr value.

CONFLICT OF INTERESTS DISCLOSURE

The authors declare no financial conflicts of interest.

FUNDING

None

ETHICALSTATEMENTS

This study was conducted in accordance with the “Ethical Guide-
lines for Medical and Health Research Involving Human Subjects”
(MECSST/MHLW in 2014 and 2015), and was approved by the
Institutional Ethics Committee of Naruto Yamakami Hospital.

ACKNOWLEDGEMENTS

We would like to thank Editage (www.editage.jp) for English
language editing.

REFERENCES

1. Strehler BL, Mildvan AS : General theory of mortality and
aging. Science 132 : 14-21, 1960

2. Method of evaluating renal function : Adult. Edited by the
Japanese Society of Nephrology, Clinical practice guidebook
for diagnosis, and treatment of chronic kidney disease 2012.
Tokyo Igakusha, Tokyo, 2012

3. Levey AS, Berg RL, Gassman JJ, Hall PM, Walker WG :
Creatinine filtration, secretion and excretion during progres-
sive renal disease. Kidney Int 36 : S73-S80, 1989

4. Branten AJ, Vervoort G, Wetzels JF : Serum creatinine is a
poor marker of GFR in nephrotic syndrome. Nephrol Dial
Transplant 20 : 707-711, 2005

5. Horio M, Imai E, Yasuda Y, Watanabe T, Matsuo S : Lower
serum albumin level is associated with higher fractional excre-
tion of creatinine. Clin Exp Nephrol 18 : 469-474, 2014

6. Newman DJ, Tahkkar H, Edwards RG, Wilkie M, White T,
Grubb AO, Price CP : Serum cystatin C measured by auto-
mated immunoassay : a more sensitive marker of changes in
GFR than serum creatinine. Kidney Int 47 : 312-318, 1995

7. Abrahamson M, Olafsson I, Palsdottir A, Ulvsback M,
Lundwall A, Jensson O, Grubb A : Structure and expression of
the human cystatin C gene. Biochem J 268 : 287-294, 1990

8. Grubb AO : Cystatin C-properties and use as diagnostic
marker. Adv Clin Chem 35 : 63-99, 2000

9. Fliser D, Ritz E : Serum cystatin C concentration as a marker of
renal dysfunction in the elderly. Am J Kidney Dis 37 : 79-83,
2001

10. Dharnidharka VR, Kwon C, Stevens G : Serum cystatin C is
superior to serum creatinine as a marker of kidney function : a
meta-analysis. Am J Kidney Dis 40 : 221-226, 2002

11. Finney H, Newman DJ, Price CP : Adult reference ranges for
serum cystatin C, creatinine and predicted creatinine clear-
ance. Ann Clin Biochem 37 : 49-59, 2000

12. Tanaka A, Suemaru K, Araki H : A new approach for evaluat-
ing renal function and its practical application. J Pharmacol Sci
105 : 1-5, 2007

13. Finney H, Bates CJ, Price CP : Plasma cystatin C determina-
tions in a healthy elderly population. Arch. Gerontol. Geriat-
rics 29 : 75-94, 1999

14. Fricker M, Wiesli P, Brandle M, Schwegler B, Schmid C :
Impact of thyroid dysfunction on serum cystatin C. Kidney Int
63 : 1944-1947, 2003

15. Cimerman N, Brguljan PM, Krasovec M, Suskovic S, Kos J :
Serum cystatin C, a potent inhibitor of cysteine proteinases, is
elevated in asthmatic patients. Clin Chim Acta 300 : 83-95,
2000

16. Kazama JJ, Kutsuwada K, Ataka K, Maruyama H, Gejyo F :
Serum cystatin C reliably detects renal dysfunction in patients
with various renal disease. Nephron 91 : 13-20, 2002

17. Horio M, Imai E, Yasuda Y, Watanabe T, Matsuo S :

The Journal of Medical Investigation Vol. 65 August 2018 201



Performance of serum cystatin C versus serum creatinine as a
marker of glomerular filtration rate as measured by inulin
renal clearance. Clin Exp Nephrol 15 : 868-876, 2011

18. Cockcroft DW, Gault MH : Prediction of creatinine clearance
from serum creatinine. Nephron 16 : 31-41, 1976

19. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K,
Yamagata K, Tomino Y, Yokoyama H, Hishida A : Revised
equations for estimated GFR from serum creatinine in Japan.
Am J Kidney Dis 53 : 982-992, 2009

20. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL,
Hendriksen S, Kusek JW, Van Lente F : for the chronic kidney
disease epidemiology collaboration. Using standardized
serum creatinine values in the modification of diet in renal
disease study equation for estimating glomerular filtration
rate. Ann Intern Med 145 : 247-254, 2006

21. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T,
Coresh J : for the CKD-EPI (chronic kidney disease epidemiol-
ogy collaboration). A new equation to estimate glomerular
filtration rate. Ann Intern Med 150 : 604-612, 2009

22. Horio M, Imai E, Yasuda Y, Watanabe T, Matsuo S : GFR esti-
mation using standardized serum cystatin C in Japan. Am J
Kidney Dis 61 : 197-203, 2013

23. Tanaka T, Okamura T, Miura K, Kadowaki T, Ueshima H,
Nakagawa H, Hashimoto T : A simple method to estimate
populational 24-h urinary sodium and potassium excretion
using a casual urine specimen. J Hum Hypertens 16 : 97-103,
2002

24. Orita Y, Gejyo F, Itou K, Kimura H, Koyama T, Shiigai T,
Tanaka H, Haneda M, Hishida A, Horio M, Yanagawa M,
Kumano K, Abe S, Ohsawa S, Matoba K : Japan society of
nephrology kidney function (GFR)�Urine protein measure-
ment committee report. Jap. J. Nephrol 43 : 1-19, 2001

25. Kanai M : Creatinine, creatine. Edited by Okumura N, Tozuka
M, Yatomi Y, Kanai’s manual of clinical laboratory medicine
No.34. Tokyo : Kanehara Publishing, 2015, pp.473-476

26. Horio M, Orita Y : Comparison of Jaffe rate assay and enzy-
matic method for the measurement of creatinine clearance.
Jpn J Nephrol 38 : 296-299, 1996

27. Japanese Anthropometric Reference Data (JARD2001). Medical
Review Co., Ltd, Osaka, 2002

28. Du Bois D, Du Bois EF : A formula to estimate the approxi-

mate surface area if height and weight be known. Arch Intern
Med 17 : 863-871, 1916

29. A-priori Sample Size Calculator for Multiple Regression Soft-
ware version 4.0. Available from http : //www.danielsoper.
com/statcalc, accessed on January 25, 2018

30. Kotake Y, Sato N : Bland-Altman analysis for the accuracy
evaluation of the cardiac output monitor. J. Jpn. Soc. Intensive
Care Med 16 : 263-272, 2009

31. Evans WJ, Campbell WW : Sarcopenia and age-related changes
in body composition and functional capacity, American Insti-
tute of Nutrition 123 : 465-468, 1993

32. Kim JK, Song YR, Kwon YJ, Kim HJ, Kim SG, Ju YS : Increased
body fat rather than body weight has harmful effects on 4-year
changes of renal function in the general elderly population
with a normal or mildly impaired renal function. Clin Interv
Aging 9 : 1277-1286, 2014

33. Oh SW, Ahn SY, Jianwei X, Kim KW, Kim S, Na KY, Chae DW,
Kim S, Chin HJ : Relationship between changes in body fat
and a decline of renal function in the elderly. PLoS ONE 9 : e
84052, 2014

34. Liu YF, Chang ST, Lin WS, Hsu JT, Chung CM, Chang JJ,
Hung KC, Chen KH, Chang CW, Chen FC, Shih YW, Chu
CM : Neck circumference as a predictive indicator of CKD for
high cardiovascular risk patients. BioMed Res Int 2015 :
745410, 2015

35. Madero M, Katz R, Murphy R, Newman A, Patel K, Ix J,
Peralta C, Satterfield S, Fried L, Shlipak M, Sarnak M : Com-
parison between different measures of body fat with kidney
function decline and incident CKD. Clin J Am Soc Nephrol 12 :
893-903, 2017

36. Orita Y, Gejyo F, Sakatsume M, Shiigai T, Maeda Y, Imai E,
Fujii T, Endoh M, Jinde K, Haneda M, Sugimoto T, Hishida A,
Takahashi S, Hosoya T, Yamamoto H, Hora K, Okada Y,
Hosaka S, Oguchi T, Kanno Y, Nishio Y, Yano S, Aikawa K,
Yasui K : Estimation of glomerular filtration rate by inulin
clearance : Comparison with creatinine clearance. Jpn J Nephrol
47 : 804-812, 2005

37. Hirata S, Shibata A, Miyamura S, Kadowaki D : Theory and
practice of accurately assessing the renal function of individ-
ual patients. Jpn J Nephrol Pharmacother 5 : 3-18, 2016

38. Levey AS : Measurement of renal function in chronic renal
disease. Kidney International 38 : 167-184, 1990

202 T. Otani, et al. Anthropometrics estimates renal function


