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Abstract

Introduction Serum cystatin C was recently proposed as

an alternative marker of glomerular filtration rate (GFR),

with a suggested better performance than creatinine.

However, detailed studies are limited. We evaluated the

performance of cystatin C as a GFR marker.

Methods GFR was measured by inulin clearance in 763

Japanese subjects. Factors other than GFR influencing

serum cystatin C or serum creatinine were analyzed by

multivariate analyses.

Results After adjustment for GFR, the value of serum

creatinine was 25.2% lower in females than males, and

decreased by 5.2% for every 20 years of age. Serum

cystatin C was 8.2% lower in females, and did not change

significantly with aging. Creatinine but not cystatin C was

significantly affected by body weight, height and body

mass index after adjustment for GFR, gender and age. The

correlation coefficient between GFR and 1/cystatin C was

significantly higher than that of 1/creatinine in total

subjects (0.866 and 0.810, respectively, p \ 0.001). Unlike

serum creatinine, serum cystatin C did not increase in

association with the reduction of GFR in subjects with very

low GFR. The regression line of 1/cystatin C against

GFR showed a significantly negative intercept of about

-8 ml/min/1.73 m2.

Conclusion The performance of serum cystatin C was not

good in the subjects with very low GFR. Non-renal elim-

ination of cystatin C may contribute to the result. The

correlation between reciprocal cystatin C and GFR sug-

gested its superiority in predicting GFR compared to cre-

atinine in subjects with normal and mildly reduced GFR.

Keywords Creatinine � Cystatin C � Inulin clearance �
Glomerular filtration rate

Introduction

Serum creatinine level has been used to assess renal

function, but is often affected by muscle mass, which is

dependent on age, weight, and gender [1]. Serum cystatin C

was recently proposed as an alternative marker of glo-

merular filtration rate (GFR), and its higher performance

compared with creatinine has been suggested from a meta-

analysis [2]. However, detailed studies on the comparison

between cystatin C and serum creatinine as markers of

GFR are limited. In the present study, we compared the

performance of serum cystatin C and serum creatinine as a

GFR marker in subjects stratified by gender and age. We

confirmed the better performance of cystatin C but also

found an apparent non-renal elimination of cystatin C in

subjects with low GFR that may affect the performance of

cystatin C as a GFR marker.

On behalf of the collaborators for developing Japanese equation for

estimating GFR.
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Methods

Subjects and measurements

To compare the performance of serum cystatin C with that

of serum creatinine, we used same data set from which the

GFR equation for Japanese was developed. Details of the

subjects have been reported previously [3, 4]. A total of

763 Japanese patients in 80 medical centers were included.

We stratified the subjects according to gender and into

three age groups (18–39, 40–59 and 60–79 years old). GFR

was measured by inulin renal clearance [3], and serum

creatinine was measured by the IDMS-traceable enzymatic

method [3]. In the present study, we analyzed the serum

cystatin C values which were measured with serum creat-

inine previously in a single laboratory. Cystatin C was

measured by nephrometric assay (Dade Behring).

Multivariate analyses

Factors other than GFR influencing serum cystatin C levels

were analyzed by multivariate linear regression analyses.

Cystatin C levels and GFR were log-transformed. Age,

height, weight and body mass index (BMI) were used as

the raw data. Gender was expressed as a binary factor.

After adjusting for GFR, the percent change in serum level

of cystatin C for a change of 20 years of age, female

gender and one unit in the variables such as height, weight,

and BMI was analyzed. We also examined the same

analyses using serum creatinine levels.

Correlation coefficient between GFR and 1/cystatin C

The correlation coefficient between GFR and 1/cystatin C

was analyzed in total subjects and in subjects stratified by

gender and age groups (18–39, 40–59 and 60–79 years

old). To evaluate an apparent non-renal elimination of

cystatin C, the intercept of the linear regression line in the

reciprocal plot was calculated. The same analyses were

performed for reciprocal serum creatinine. The relationship

between GFR and reciprocal creatinine curved upwards

slightly, and therefore linear regression lines for 1/creati-

nine and 1/cystatin C were separately calculated in subjects

with serum levels higher than 1.5 mg/dl and 1.5 mg/L,

respectively.

Statistical analysis

Data were expressed as means ± SD. p \ 0.05 was con-

sidered statistically significant. Statview version 4.02 (SAS

Institute) and JMP 8.01 (SAS Institute) were used for sta-

tistical analyses. Smoothed lines fit to the data (Figs. 2, 3,

5) were calculated using spline model of JMP 8.01 (SAS

Institute).

Results

Table 1 shows the characteristics of the study subjects.

Mean measured GFR of males was significantly lower than

that of females (54 ± 34 and 65 ± 36 ml/min/1.73 m2,

respectively). Mean measured GFR in the older age group

was significantly lower than that in the younger age group

in both males and females.

Multivariate analyses

Serum creatinine was 25.2% lower in females than in

males, and decreased by 5.2% for every 20 years of age

after adjustment for GFR (Table 2). Serum creatinine was

significantly increased in association with increase in body

weight, height, and BMI after adjustment for GFR, gender

and age. Serum cystatin C was 8.2% lower in females than

in males, and was not significantly changed by age after

adjustment for GFR. Cystatin C was not significantly

Table 1 Characteristics of the

study subjects
N Age GFR

(ml/min/1.73 m2)

Cystatin-C

(mg/L)

Creatinine

(mg/dl)

Weight

(kg)

Height

(cm)

Male

18–39 years old 119 30 ± 6 77 ± 37 1.34 ± 0.89 1.41 ± 1.32 69 ± 13 171 ± 5

40–59 years old 145 52 ± 6 54 ± 31 1.63 ± 1.02 1.81 ± 1.68 68 ± 11 169 ± 7

60–79 years old 189 68 ± 5 41 ± 26 2.01 ± 1.04 2.17 ± 1.73 63 ± 11 164 ± 7

Total 465 54 ± 17 54 ± 34 1.72 ± 1.04 1.87 ± 1.64 66 ± 12 167 ± 7

Female

18–39 years old 91 30 ± 6 83 ± 33 1.07 ± 0.81 0.91 ± 0.96 53 ± 8 159 ± 6

40–59 years old 106 51 ± 5 64 ± 37 1.41 ± 0.95 1.22 ± 1.22 54 ± 12 155 ± 5

60–79 years old 94 68 ± 5 50 ± 28 1.66 ± 1.12 1.37 ± 1.17 51 ± 8 151 ± 6

Total 298 51 ± 17 65 ± 36 1.40 ± 0.99 1.18 ± 1.13 53 ± 10 155 ± 6
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changed by body weight, height and BMI after adjustment

for GFR, gender and age.

Relationship between GFR and serum concentration

of cystatin C

The relationship between GFR and serum concentrations of

cystatin C is shown in Fig. 1. The plot of serum cystatin C

showed a curvilinear pattern that was similar to that of

serum creatinine. The relationship between GFR and

1/cystatin C was almost linear, while the plots of 1/creat-

inine seemed to be curving upwards slightly (Figs. 2, 3).

The correlation coefficient in the reciprocal plot of cystatin

C was significantly higher compared with that of creatinine

in total subjects (r = 0.866 and 0.810, respectively)

(Table 3). The correlation coefficients of cystatin C were

consistently higher than the values of creatinine in subjects

stratified by gender and three age groups, although statis-

tically not significant.

Relationship between serum concentration of creatinine

and serum concentration of cystatin C

The relationship between serum concentration of creatinine

and serum concentration of cystatin C was not linear

(Fig. 4). Unlike serum creatinine, serum cystatin C did not

increase in association with reduction of GFR in subjects

with GFR below 15 ml/min/1.73 m2 (Fig. 5). To evaluate

the apparent non-renal elimination of cystatin C, the linear

regression line of the reciprocal plots was calculated in

subjects with serum cystatin C higher than 1.5 mg/L.

Intercepts (95% confidence interval [CI]) of the regression

lines in male and female were -8.4 (-12.1, -4.8) ml/min/

1.73 m2 and -9.1 (-15.5, -2.6) ml/min/1.73 m2, respec-

tively (Table 4). The values were significantly lower than

zero (p \ 0.01). The linear regression line of the reciprocal

plots of creatinine that was calculated in subjects with

serum creatinine higher than 1.5 mg/dl intersected near

the origin. Intercepts (95% CI) of the regression lines in

Table 2 Factors affecting

serum cystatin C and creatinine

after adjustment for GFR

% change percent change in

serum level of creatinine or

cystatin C for a change of

20 years of age, female gender

and one unit in the variable

(height, weight and BMI)

Variable Cystatin C p Creatinine p
% change (95% CI) % change (95% CI)

Adjusted for GFR

Age (20 years) -0.1 (-2.0 to 2.2) 0.9 -5.2 (-7.9 to -2.5) 0.0002

Female -8.2 (-11.2 to -5.2) \0.0001 -25.2 (-28.1 to -22.4) \0.0001

Height (cm) 0.4 (0.2 to 0.6) \0.0001 1.5 (1.3 to 1.7) \0.0001

Weight (kg) 0.2 (0.0 to 0.3) 0.006 0.9 (0.7 to 1.0) \0.0001

BMI (kg/m2) 0.2 (-0.3 to 0.6) 0.5 1.4 (0.9 to 2.0) \0.0001

Adjusted for GFR, age and gender

Height (cm) 0.2 (-0.1 to 0.5) 0.1 0.6 (0.3 to 0.9) 0.0001

Weight (kg) 0.0 (-0.1 to 0.2) 0.8 0.4 (0.2 to 0.6) \0.0001

BMI (kg/m2) -0.1 (-0.5 to 0.4) 0.8 0.8 (0.3 to 1.3) 0.001

Fig. 1 Relationship between

GFR and serum concentration

of creatinine or cystatin C. Left
GFR versus serum

concentration of creatinine in

male subjects. Dotted lines
show upper reference limit of

serum creatinine and lower

reference limit of GFR

(1.04 mg/dl and 60 ml/min/

1.73 m2, respectively). Right
GFR versus serum

concentration of cystatin C in

male subjects. Dotted lines
show upper limit of serum

cystatin C and lower reference

limit of GFR (0.95 mg/dl and

60 ml/min/1.73 m2,

respectively)
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males and females were -0.9 (-3.8, 2.0) ml/min/1.73 m2

and -2.2 (-6.5, 2.1) ml/min/1.73 m2, respectively. The

values were not significantly different from zero.

Discussion

Serum creatinine and cystatin C are well-known markers of

GFR. However, few studies have investigated their com-

parative performance relative to GFR measured by inulin

renal clearance. In present study, we observed a significant

difference in performance of creatinine and cystatin C as

GFR markers. Gender and age effects were more promi-

nent in creatinine. Serum creatinine was 25.2% lower in

females, and declined by 5.2% for every 20 years of age,

while serum cystatin C was 8.2% lower in females, and

was not significantly associated with age. These results are

almost consistent with the reports of Stevens et al. and

Knight et al. [5, 6]. Stevens et al. reported that older age

was associated with lower serum cystatin C level after

adjustment of GFR measured by iothalamate clearance [5].

On the other hand, Knight et al. reported that older age was

associated with higher serum cystatin C level after

adjusting for creatinine clearance [6]. The backgrounds of

the study population such as ethnicity, renal function and

physique were different between the studies. The variable

factors and methods of GFR measurement may influence

the results of the studies.

Fig. 2 Reciprocal plots of

creatinine and cystatin C in

male subjects. Left GFR versus

1/creatinine. Right GFR versus

1/cystatin C. Smooth lines show

the fit of the data

Fig. 3 Reciprocal plots of

creatinine and cystatin C in

female subjects. Left GFR

versus 1/creatinine. Right GFR

versus 1/cystatin C. Smooth
lines show the fit of the data
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Generation of creatinine is affected by muscle mass,

which is dependent on physique such as weight and height.

Higher serum creatinine was associated with higher body

weight, height, and BMI after adjustment for GFR, gender

and age (Table 2). The association of these parameters with

serum cystatin C level was much smaller than with creat-

inine. These results are consistent with the report of Ste-

vens et al. [5] except for BMI. They reported that the

Table 3 Correlation

coefficients between GFR and

1/cystatin C or 1/creatinine in

subjects stratified by gender and

age groups

p values: difference between

cystatin C and creatinine

N GFR

(ml/min/1.73 m2)

Correlation coefficient p

1/cystatin C 1/creatinine

Male

18–39 years old 119 77 ± 37 0.919 0.880 0.11

40–59 years old 145 54 ± 31 0.848 0.833 0.67

60–79 years old 189 41 ± 26 0.865 0.837 0.32

Total 465 54 ± 34 0.890 0.854 0.09

Female

18–39 years old 91 83 ± 33 0.797 0.786 0.84

40–59 years old 106 64 ± 37 0.815 0.750 0.22

60–79 years old 94 50 ± 28 0.856 0.846 0.80

Total 298 65 ± 36 0.832 0.794 0.17

Male ? female

Total 763 58 ± 35 0.866 0.810 0.0002

Fig. 4 Relationship between

serum concentration of

creatinine and serum

concentration of cystatin C

Fig. 5 Serum concentrations of

creatinine and cystatin C in

subjects with GFR under

15 ml/min/1.73 m2. Unlike

serum creatinine (open circle),

serum cystatin C (closed circle)

did not increase as much in

association with reduction of

GFR in subjects with GFR

under 15 ml/min/1.73 m2.

Smooth lines show the fit

of the data
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percent change of cystatin C was higher than the value of

creatinine according to the change in BMI, and speculated

an association between fat mass and cystatin C levels. The

mean and interquartile range of BMI in the study by Ste-

vens et al. were 27.7 and 7.3 kg/m2, while the values in our

study were much lower (22.9 and 4.8 kg/m2, respectively).

The lower prevalence of obesity in our subjects may con-

tribute to the inconsistent results regarding the association

with BMI.

The relationship between GFR and 1/cystatin C was

almost linear, evaluated by the smoothed line fit to the data

(Figs. 2, 3). On the other hand, the relationship between

GFR and 1/creatinine was slightly upwardly curving. This

could be one of the reasons that reduces the performance of

creatinine in the correlation analysis. Creatinine is secreted

from tubules as well as filtered from glomeruli. Therefore,

the creatinine clearance (CCR) exceeds the GFR. About

20% of creatinine is secreted from the tubule in normal

subjects [1], and the tubular secretion increases up to about

50% with reduction in GFR [1]. The change in tubular

secretion may contribute to the upward curve of the reci-

procal plot of creatinine. We made a simulation model in

which the CCR/GFR ratio was increased from 1.2 to 1.7

according to the reduction in GFR with constant generation

of creatinine (Table 5; Fig. 6, model A). The simulation

model confirmed the effect of tubular secretion on the

upward curving of the reciprocal plot.

The reciprocal plot of serum cystatin C had a signifi-

cantly negative intercept, suggesting an apparent non-renal

elimination of the marker. Assuming that the generation of

cystatin C is independent of GFR, non-renal elimination of

cystatin C is estimated as the intercept of the reciprocal

plot. We obtained an apparent non-renal clearance of

cystatin C of about 8 ml/min/1.73 m2. Sjostrom et al. [7, 8]

reported similar results using the reciprocal plot of

cystatin C. They measured GFR by plasma clearance of

iohexol and reported the apparent non-renal elimination

of cystatin C as 22.3 ml/min/1.73 m2 in a preliminary

Table 4 Intercept of the

regression line between GFR

and 1/cystatin C or 1/creatinine

in subjects stratified by gender

and age groups

Regression lines were made

using subjects with serum

cystatin C over 1.5 mg/L or

serum creatinine over 1.5 mg/dl

1/cystatin C 1/creatinine

N Intercept (95% CI) p N Intercept (95% CI) p

Male

18–39 years old 34 -11.2 (-19.7 to -2.7) 0.01 30 -0.1 (-8.9 to 8.7) 0.9

40–59 years old 50 -7.4 (-15.1 to 0.3) 0.06 57 -0.5 (-5.3 to 6.2) 0.9

60–79 years old 118 -9.5 (-14.5 to -4.6) 0.0002 100 -1.8 (-5.6 to 2.0) 0.3

Total 222 -8.4 (-12.1 to -4.8) \0.0001 194 -0.9 (-3.8 to 2.0) 0.5

Female

18–39 years old 9 -8.3 (-18.0 to 1.3) 0.08 6 -2.7 (-15.8 to 10.4) 0.6

40–59 years old 35 -10.6 (-20.6 to -5.2) 0.04 18 -1.3 (-7.0 to 4.5) 0.6

60–79 years old 37 -7.6 (-19.9 to 4.8) 0.2 25 -2.1 (-10.1 to 6.0) 0.6

Total 87 -9.1 (-15.5 to -2.6) 0.007 51 -2.2 (-6.5 to 2.1) 0.3

Table 5 Simulation models for reciprocal plots of creatinine and cystatin C

Model A Model B Model C

GFR CCR/GFR G1 P1 N-CL G2 P2 G2 P2

100 1.20 0.96 0.80 8 0.096 0.80 0.0800 0.80

90 1.25 0.96 0.85 8 0.096 0.88 0.0793 0.88

80 1.30 0.96 0.92 8 0.096 0.98 0.0785 0.98

70 1.35 0.96 1.02 8 0.096 1.11 0.0775 1.11

60 1.40 0.96 1.14 8 0.096 1.27 0.0762 1.27

50 1.45 0.96 1.32 8 0.096 1.49 0.0745 1.49

40 1.50 0.96 1.60 8 0.096 1.80 0.0720 1.80

30 1.55 0.96 2.06 8 0.096 2.27 0.0682 2.27

20 1.60 0.96 3.00 8 0.096 3.09 0.0617 3.09

10 1.65 0.96 5.82 8 0.096 4.80 0.0480 4.80

GFR glomerular filtration rate (ml/min), Model A simulation model for serum creatinine, CCR/GFR CCR/GFR ratio, G1 generation of creatinine

(mg/min), P1 plasma concentration of creatinine (mg/dl), Model B and Model C simulation models for serum cystatin C, N-CL non-renal

clearance of cystatin C (ml/min), G2 generation of cystatin C (mg/min), P2 plasma concentration of cystatin C (mg/L)
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study and 14.1 ml/min/1.73 m2 in a second study[7, 8]. We

made two simulation models to explain the apparent non-

renal elimination of cystatin C. The first is a simulation

model with constant non-renal clearance set at 8 ml/min.

The generation of cystatin C was set as the value at which

serum cystatin C was 0.8 mg/L when GFR was 100 ml/

min. The simulation model with constant non-renal clear-

ance shows a linear relationship between GFR and reci-

procal cystatin C with negative intercept (Table 5; Fig. 6,

model B). In the second simulation model, the generation

of cystatin C was decreased according to reduction in GFR.

The same straight line as seen in model B could be drawn.

In this case, generation of cystatin C decreases at an

accelerated pace according to reduction of GFR (Table 5;

Fig. 6, model C). This suggests that non-renal elimination

of cystatin C is a more plausible mechanism than rapid

reduction of cystatin C generation. Tenstad et al. [9]

investigated renal handling of radiolabeled human cystatin

C in rat. A considerable amount of extra-renal plasma

clearance of labeled cystatin C was observed in nephrec-

tomized rats, that contributed about 15% of the total

plasma clearance of cystatin C. A relatively high uptake of

radioactivity was recorded in the spleen. They speculated

about the removal of cystatin C in the reticuloendothelial

system.

Unlike serum creatinine, serum cystatin C did not increase

in association with reduction of GFR in subjects with GFR

below 15 ml/min/1.73 m2. The performance of serum cyst-

atin C was not good in these subjects, and therefore,serum

cystatin C should not be used for evaluating GFR in subjects

with end-stage renal disease. Apparent non-renal elimination

of cystatin C contributed to the low performance of the

marker. On the contrary, even if non-renal elimination of

cystatin C is present at a comparable level, percentage of

non-renal elimination in the total clearance would be small in

subjects with normal and mildly reduced GFR, suggesting

that the effect of non-renal elimination on serum levels of

cystatin C is small and difficult to detect. Although the dif-

ference between the correlation coefficients of reciprocal

cystatin C and reciprocal creatinine was small, cystatin C had

a better correlation with GFR than creatinine in total sub-

jects, suggesting that cystatin C concentration may be better

than creatinine at predicting GFR in subjects with normal

and mildly reduced GFR.

Eriksen et al. [10] showed that cystatin C is not a better

estimator of GFR than creatinine, based on the testing of

several GFR equations. They showed a large bias of GFR

equations from cystatin C compared with GFR equations

from creatinine, such as the CKD–EPI equation in the

general population. The authors mentioned that the most

important factor of the large bias of the cystatin C equa-

tions was probably that GFR equations from cystatin C

were all developed in populations with CKD and low GFR.

The influence of non-GFR factors on plasma cystatin C

may differ between these patients and the general popula-

tion. Also, standardization between assays and laboratories

is lacking for cystatin C.

We agree with the comments of Eriksen et al. When the

equation from cystatin C was developed from subjects with

lower GFR, non-GFR elimination of cystatin C may

influence the performance of the equation in subjects with

normal or mildly reduced GFR. We have to study the

model for GFR estimation including factors such as non-

renal clearance. The measurement of cystatin C has not

been standardized. There is up to 20% difference in the

cystatin C values among various reagent companies [11,

12]. When the cystatin C value has a 20% positive bias

compared with the value that was used for development of

a GFR estimation equation, the measurement bias leads to

about 20% underestimation of GFR and lower performance

of the equation. The standardization of the measurement is

a fundamental problem of the accuracy of the GFR equa-

tions derived from cystatin C. Standardization of the

measurement of cystatin C is nowin progress worldwide

[13], after which, development and validation of GFR

equations from cystatin C will be required.

Fig. 6 Simulation models for reciprocal plots of creatinine and

cystatin C. Detailed values for simulation models are described in

Table 5. Model A is a simulation model for the reciprocal plot of

creatinine. CCR/GFR ratio increases according to reduction of GFR.

This leads to the upward curve of the reciprocal plot of creatinine.

Model B is a simulation model for the reciprocal plot of cystatin C

with constant non-renal clearance. This model shows the linear

relationship between GFR and 1/cystatin C. Model C is a simulation

model for the reciprocal plot of cystatin C without non-renal

clearance. Controlled change in the generation of cystatin C is

required to keep the linear relationship between GFR and 1/cystatin C
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There are several limitations. The study subjects were

almost all patients with native kidney disease, so it may not

be possible to generalize the results to healthy subjects. It

has been reported that cystatin C levels were influenced by

factors other than GFR, such as thyroid function [14, 15],

inflammation [5, 6], smoking [6, 8] and immunosuppres-

sive therapy [16]. Multivariate analysis was not adjusted

for the above factors in the present study.

Conclusion

The performance of serum cystatin C was not good in

subjects with very low GFR; non-renal elimination of

cystatin C may contribute to the result. Reciprocal cystatin

C had a better correlation with GFR than creatinine in total

subjects. Age, gender, body weight, height and BMI had a

much smaller effect on cystatin C level than creatinine.

These results suggested the superiority of cystatin C over

creatinine in predicting GFR in subjects with normal and

mildly reduced GFR.
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