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SSuummmmaarryy
Aim: The aim of this study was to evaluate whether serum cystatin C is superior as a marker of glomerular filtration rate calculation com-
pared to creatinine in children with reduced renal functions.

Material and Method: Serum cystatin C, creatinine and 99Tc-diethylenetriamene penta acetate (DTPA) clearance (GFRDTPA) were measured
in 100 children (53 girls, 47 boys; mean age 8.4±5.1). Glomerular filtration rate was calculated by the Schwartz formula. Patients with DTPA
clearance which was accepted as the gold standard in the study with a value above 80 ml/dk/1.73m2 were included in group 1(n=64) and
below 80 ml/dk/1.73m2 in group 2 (n=36). Receiver-operating characteristics analysis was performed to assess the diagnostic accuracy of
variables. Signed informed consents were obtained from the parents in all cases.

Results: : Serum cystatin C and creatinine were correlated with glomerular filtration rate in group 1 and 2. Dietilen triamin penta asetat
(DTPA) clearance was correlated with glomerular filtration rate in both groups and with cystatin C in group 2. Receiver-operating 
characteristics analysis showed that the accuracy of cystatin C and glomerular filtration rate was similar. The area under curve values were
statistically significant but not different for cystatin C and GFRSchw. 

Conclusions: Serum cystatin C may be a useful variable, but is not superior to glomerular filtration rate calculated by Schwartz formula
which is a simple and reliable method to estimate glomerular filtration rate in children with normal and decreased renal functions. (Turk
Arch Ped 2011; 46: 21-6)
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Introduction

Glomerular filtration rate (GFR) is the most significant
marker which provides information about renal function. It
is of utmost significance that GFR is determined by a 
reliable method in patients with reduced renal function.
Although many methods have been used in determining
glomerular filtration rate, the ideal variable has not been
found yet. Inulin clearance is accepted to be the golden
standard in the measurement of GFR, but it is not widely

used in clinical practice due to difficulty of application and
problems in the method of inulin measurement (1). Serum
creatinine levels (Cr) and creatinine clearance are the most
frequently used variables for GFR measurement. Serum
creatinine levels are affected by factors including age,
gender, muscle mass and diet. In addition, when renal
function is reduced, tubular secretion of creatinine
increases and clearance measured by creatinine is
increased in these patients (2,3). Therefore, a simple and
reliable method which will reflect GFR accurately is stil
being searched for. 



Measurement of GFR with chromium-51-labeled 
ethylenedaiminetetraacetic acid (51Cr-EDTA) and 
technetium-99- diethylene triamine pentaacetic acid
(99mTc-DTPA) is accepted as the golden standard (4,5).
These methods are more sensitive in determining minor
changes in renal function compared to creatinine and are
appropriate for children whose GFR detoriorates slowly. 

Studies related to serum cystatin C have shown that it
is a better variable compared to creatinine in determining
CFR. Cystatin C is a protein with low molecular weight (13
kDa) which inhibits cysteine proteinase. It is excreted
freely from the kidneys by glomerular filtration, reabsorbed
by proximal tubular cells and metabolized here. In 
contrast to creatinine, it is not excreted in the tubules and
is not affected by age and gender. Because of these 
properties, cystatin C is recommended to be used in GFR
measurement (6-9). However, different results have been
reported in studies performed on this subject (10-12).
Although cystatin C has been recommended to be used in
GFR measurement since 1985, it could not replace 
creatinine in practice, yet. 

In this study, the superiority of serum cystatin C level
in GFR measurement over GFR estimation by creatinine
and Schwartz Formula was investigated. 

Material and Method 

A total of 100 children with normal and reduced renal
functions followed up in Ministry of Health Göztepe
Education and Research Hospital and Cerrahpafla
Medical Faculty Division of Pediatric Nephrology were
included in the study.

Height, weight, serum creatinine, cystatin C levels
were measured, GFR was estimated and DTPA clear-
ances (GFRDTPA) were assesed. The subjects were 
divided into two groups by GFRDTPA. The first group
included the subjects with a GFRDTPA above 80 mL/min/
1.73m2 and the second group included the subjects who
were in the process of chronic renal failure with a 
GFRDTPA below 80 mL/min/ 1.73m2.

The subjects’ heights were measured in bare feet while
standing erect with a stadiometer by the same person and
their weights were measured with underclothes on. 

Serum creatinine measurements were done by Jaffe
method in an autoanalyser (RA-XT) using Biacon diagnostic
kit. The GFR’s (GFRSchw) of the patients were calculated
with the Formula of Schwartz et al. (13,14) utilizing height
and serum creatinine levels. Serum cystatin C levels were
measured quantitatively by an autoanalyzer using DAKO
Cystatin C Pet Kit and the turbidimetric method.

DTPA clearance was accepted as the golden standard
in measurement of glomerular filtration rate. DTPA clear-
ance was measured by plasma clearance method. DTPA
labeled with technetium-99 was calculated with the standard
method and given to the patients intravenously. 120 and
180 minutes after the injection blood samples of 1-1.5 mL
were obtained and GFR was calculated by two plasma
sample method described by Blaufox et al. (4,15) or by
Ham Pipsz Formula from a single blood sample in patients

in whom two blood samples could not be obtained. The
GFR values obtained were adjusted to 1.73m2.

Statistical analysis

Statistical analysis of the data were done using SPSS
statistical program. For comparison of the differences
between the groups Kruskal Wallis nonparametric 
analysis of variance and Mann Whitney U test were used.
The correlation between the variables were examined
using Spearman correlation test. Cystatin C, creatinin and
GFRSchw were evaluated by “receiver operation 
characteristic” (ROC) curve in patients with reduced renal
function. The area under the “Receiver operation 
characteristic” curve (AUC) was calculated using GraphRoc
program and the diagnositic values of cystatin C and
GFRSchw in reflecting low and normal GFR’s were compared. 

Results 

53 of the patients were female and 47 were male.
Mean age was 8.4±5.1 years (2 months-20.5) and the
median age was 8.7 years (interquartile range 7.8). 64
patients were included in group I and 36 patients were
included in group II. The average ages of the groups were
7.9±4.7 and 9.2±5.1 years, respectively. Seven children
were below the age of one. 

Demographic findings, serum cystatin C, creatinine,
GFRSchw and GFRDTPA values are shown in Table 1.

In patients with a normal glomerular filtration rate, a
strong relation was found between serum creatinine and
age, height and body weight (r=0.625, p= 0.000, r= 0.615,
p= 0.000 and r= 0.618, p=0.000).  A significant relation
was found between serum cystatin C and height and body
weight (r= -0.336, p= 0.007 ve r=-0.342, p= 0.006 ). When
the relation of cystatin C with age was examined, a 
significant relation was found between cystatin C and age in
the patients below one year of age (r= 0.743, p= 0.035) but
not in the patients above one year of age (r=0.011, p= 0.9).

Mean serum cystatin C level was found to be 1.3±0.87
mg/L in girls older than one year of age and 1.01±0.40
mg/L in boys older than one year of age; no significant 
difference was found by age (p>0.05).
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Group 1 Group 2
GFRDTPA≥80 GFRDTPA<80 

ml/min/1.73m2 ml/min/1.73m2

(n=64) (n=36)
Age (Years) 7.9±4.7 9.2±5.1
Height (cm) 120.8±30.2 118.4±34.1
Body weight (kg) 28.4±16.4 26.5±16.3
Cystatin C (mg/L) 1.25±0.9 2.3±1.4
Creatinine (mg/dl) 0.64±0.5 1.84±1.7
GFRDTPA 121±35.9 45.9±24
GFRSchw 122.4±33.9 63.2±38.2

Table 1. Demographic properties and laboratory results of 
the patients by groups



In children with normal renal function, a statistical 
correlation could not be found between serum cystatin C
and creatinine and GFRDTPA, but a statistical correlation
was found with GFRSchw (Table 2).

When the relation between cystatin C and creatinine
was examined, a statistically significant relation was found
in both groups, but this relation was weak in the group
with normal renal function (r=0.38) and strong in the group
with reduced renal function (r=0.7) (Table 2). 

In patients with reduced renal function (GFRDTPA<80
ml/min/1.73m2) a strong relation was found between 
GFRDTPA and serum cystatin C, creatinine and GFRSchw

(r=-0.78, r= -0.77 and r= 0.70; p<0.001). There was no 
significant difference between the coefficients of the three
variables. A significant relation was found between GFRSchw

and serum cystatin C and creatinine in both groups (Table 2). 
To determine the diagnostic value of cystatin C, creatinine

and GFRSchw in reflecting low and normal GFR values, ROC
analysis was performed in both groups. ROC curves are
shown in Figure 1, 2 and 3. AUC was found to be
0.753±0.058 (mean±SD) for cystatin C, 0.769±0.056 for cre-
atinine and 0.877±0.036 for GFRSchw. The area values of all
three variables were found to be statistically significant (Table
3). In ROC curves, the best AUC value belonged to
GFRSchw. However, no significant difference was observed
between the AUC values of the variables. 
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Variable AUC Standard P 95% interval
error confidence

Cystatin C .753 .058 .000 0.639 0.866

GFRSchw .877 .036 .000 0.806 0.948

Creatinine .769 .056 .000 0.658 0.879

Table 3. Evaluation of diagnostic efficiencies of the variable 
by ROC analysis

GFRDTPA≥80 GFRDTPA<80
ml/min/1.73 m2 ml/min/1.73 m2

r r
(p) (p)

GFRSchw-Cystatin C -0.359 -0.734
(0.004 )* (0.000)*

GFRSchw-creatinine -0.629 -0.867
(0.000)* (0.000)*

GFRSchw-GFRDTPA 0.353 0.701
(0.006)* (0.000)*

GFRDTPA-Cystatin C 0.091 -0.782
(0.493) (0.000)*

GFRDTPA-creatinine -0.126 -0.766
(0.343) (0.000)*

Sistatin C-creatinine 0.389 0.727
(0.002)* (0.000)*

Table 2. Relation of creatinine, cystatin C and GFRSchw
values with GFRDTPA

Figure 1. ROC analysis results for serum creatinine in 
conditions where GFRDTPA is normal or reduced
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Figure 2. ROC analysis results for GFRSchw in conditions 
where GFRDTPA is normal or reduced
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Figure 3. ROC analysis results for cystatin C in conditions 
where GFRDTPA is normal or reduced



Cystatin C was not superior to GFRSchw in determining
renal function disorder in either group. When the cut-off value
was considered to be 1.34 for cystatin C in ROC analysis, the
sensitivity was found to be 50% and the specificity was found
to be 25%. The cut-off value displaying 90% sensitivity for
GFRSchw was found to be 116.6 ml/min/1.73 m2 (Table 4).
The lowest detectable cystatin C level was 0.37 with a 
sensitivity of 100% and a specificity of 96%.

Discussion 

Serum creatinine levels and GFRSchw are the most
commonly used variables for monitoring of renal function.
It is known that serum creatinine is not an ideal indicator
for determining GFR, since it is affected by factors
including age, muscle mass, nutrition and inflammation

and is reabsorbed and excreted by the tubules (2).
GFRSchw which was calculated by Schwartz et al.(16)
using height and serum creatinine values has been 
proposed to be not sensitive enough. Radionuclide 
methods are accepted as standard for GFR measurement,
but they are not preferred especially in the follow up of
patients with reduced renal function and in renal 
transplant patients considering technical difficulties and
exposure to radioactive material (4,5). Therefore, an ideal
method for GFR measurement is still being searched for.

Cystatin C which is a low molecular weight protein has
been reported to reflect GFR better compared to 
creatinine and creatinine clearance. It is recommended to
be used for GFR measurement as a more sensitive
method, since it has a constant production rate, is 
filtrated by the glomerules, is not reabsorbed or excreted
by the tubules and is not affected by factors including age,
gender and nutrition (7,17). With the development of the
automatic immunoturbidimetric method cystatin C can be
determined easily, rapidly and reliably and reference 
values have been determined (18,19). 

The major advantage of cystatin C is the fact that it is
not affected by age and gender. The levels of cystatin C
reach adult values at one year of age and stay constant
(18,20). Therefore, reference values by age are not 
needed. In our study, it was found that cystatin C levels
were not affected by age and gender substantially in
patients older than one year of age as observed in the
studies in the literature. 

It has long been investigated if cystatin C has a 
superiority in determining CFR. While there are studies
reporting that cystatin C may be a good indicator in 
determining GFR, other studies have reported that it has no
superiority over creatinine (19, 21-28). Therefore, cystatin
C is being used for monitoring renal function in clinical 
practice, though it has not replaced creatinine in use (23,24).

In our study, no statistically significant relation was
found between cystatin C and creatinine and GFRDTPA in
children with normal renal function. A significant relation
was found between GFRSchw and GFRDTPA in this group.
According to these results, we can say that GFRSchw
reflects the changes in GFR better compared to cystatin C
and creatinine in children with normal renal function.

Newmann and Musap (19,29) found that cystatin C
was a more sensitive variable compared to creatinine in
their studies performed using radionuclide methods in
adults. Jung and Andersen (8,30) showed that serum 
cystatin C value was more sensitive compared to 
creatinine in their studies performed in a patient group
composed of children and adults. 

Different results have been reported in studies 
performed in children. There are studies reporting that
serum cystatin C level reflects the changes in GFR better
and is a good option in determining GFR. Stickle et al.(11)
found a better relation between serum creatinine and
inulin clearance compared to cystatin C. In contrast to
these studies, other investigators defended that there was
no significant difference between serum cystatin C and
serum creatinine. Filler and Bökenkamp (25,31) reported
that cystatin C was a significant variable, but had no 
superiority over serum creatinine and could not replace
known clearance methods. Similarly, it was concluded that
cystatin C could be used reliably in children with spina 
bifida, but was not different from GFRDTPA and GFRSch (32). 

According to the results of our study, serum cystatin C,
creatinine and GFRSch showed a well and similar relation
with GFRDTPA in patients with GFR below 80 ml/dak/1.73
m2. Thus, serum cystatin C was not found to have a 
superiority over creatinine and GFRSch. Since determination
of a relation between variables will not fully reflect that that
variable is a reliable and adequate indicator for GFR 
measurement, data were evaluated with ROC analysis.
When diagnostic efficiencies were compared by ROC
analysis, AUC was found to be statistically significant for
cystatin C, creatinine and GFRSch in a similar way. These
results show that cystatin C is a significant variable in
determining GFR, but is not different statistically from 
creatinine and GFRSch. For a cut-off value of 1,34 for 
cystatin C the sensitivity was found to be 50% and the
specificity was found to be 25%. Contradictory results
have been reported in studies evaluating the reliability of
cystatin C in determining GFR and the cut-off values of
cystatin C. This was attributed to the patient group 
selected, the laboratory method used and the differences
in calibration devices (18,27). 

Cystatin C and creatinine showed a weak correlation in
patients with a glomerular filtration rate above 80
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Variable Cut-off value Sensitivity Specificity

Cystatin C (mg/L) 1.34 50% 25%
0.37 100%

GFRSchw 80 66% 90%
(ml/dak//1.73 m2) 116.6 90% 60%

Table 4. Diagnostic properties of cystatin C and GFRSchw
according to the given cut-off value



mL/dak/1.73 m2’. This correlation may be attributed to the
fact that cystatin C does not vary by age, but creatinine
increases as the age gets older. 

In recent years, some of the studies showing that 
cystatin C is more sensitive in determining renal dysfunction
have been performed in patients with acute renal damage.
It has been reported that cystatin C increases before 
creatinine in renal dysfunction due to acute renal damage
and is a more sensitive and earlier marker for early 
diagnosis compared to creatinine (33,34). As observed in
our patient group, increases in creatinine do not display
sudden changes during follow up of patients with chronic
renal failure which is different from acute renal failure. 

Although cystatin C is appropriate for GFR 
measurement, since it is filtrated from the glomerules
freely and is not reabsorbed or excreted from the tubules,
its serum levels are affected by drugs. In adult kidney
transplant receipients, cystatin C levels have been 
reported to be increased in a dose-dependent fashion in
steroid use (35). In addition, cystatin C levels are known to
be affected by systemic inflammatory conditions 
atherosclerosis and hypertension, presence of thyroid
dysfunction and tumor (36-39). These interactions should
be considered in clinical practice.

Consequently, serum cystatin C is an endogeneous 
substance which can be reliably used as an option for GFR
measurement in patients with reduced renal function. Its
serum level is not affected by age and gender. No significant
difference was found between cystatin C and creatinin and
GFRSchw for GFR measurement. Therefore, cystatin C has
no superiority over GFRSchw in clinical practice. In children
with normal and reduced renal function, GFRSchw is a simple
and adequate method in monitoring GFR. 

Conflict of interest: None declared

References

1. Rahn KH, Heidenreich S, Bruckner D. How to assess 
glomerular function and damage in humans. J Hypertens 1999;
17: 309-17.

2. Perrone RD, Madias NE, Levey AS. Serum creatinine as an
index of renal function: new insights into old concepts. Clin
Chem 1992; 38: 1933-53.

3. Shemesh O, Golbetz H, Kriss JP, Myers BD. Limitations of 
creatinine as a filtration marker in glomerulopathic patients.
Kidney Int 1985; 28: 830-8.

4. Blaufox MD, Aurell M, Bubeck B,  et al. Report of the radionu-
clides in Nephrology committee on renal clearance. J Nucl Med
1996; 37: 1883-90.

5. Peters AM, Allison H, Ussov W. Measurement of the ratio of
glomerular filtration rate to plasma volume from the tech-
netium-99m diethylene triamine pentaacetic acid renogram:
comparison with glomerular filtration rate in relation to extra-
cellular fluid volume. Eur J Nucl Med 1994; 21: 322-7.

6. Bökenkamp A, Domanetzki M, Zinck R, Schumann G, Byrd D,
Brodehl J.  Cystatin C-a new marker of glomerular filtration rate
in children independent of age and height. Pediatrics 1998;
101: 875-81.

7. Grubb A. Diagnostic value of analysis of cystatin C and protein
HC in biological fluids. Clin Nephrol 1992; 38: 20-7.

8. Jung K, Jung M. Cystatin C. A promising marker of glomerular 
filtration rate to replace creatinine. Nephron 1995; 70: 370-1.

9. Reed CH. Diagnostic applications of cystatin C.  Br J Biomed
Sci 2000; 57: 323-9.

10. Ylinen EA, Ala-Houhala M, Harmoinen APT, Knip M. Cystatin C
as a marker for glomerular filtration rate in pediatric patients.
Pediatr Nephrol 1999; 13: 506-9.

11. Stickle D, Cole B, Hock K, Hruska KA, Scott MG. Correlation of
plasma concentrations of cystatin C and creatinine to inuline 
clearance in a pediatric population. Clin Chem 1998; 44: 
1334-8.

12. Filler G, Priem F, Lepage N, et al. Beta-trace protein, cystatin
C, beta(2)-microglobulin, and creatinine compared for detect-
ing impaired glomerular filtration rates in children. Clin Chem
2002; 48: 729-36.

13. Schwartz GJ, Brion LP, Spitzer A. The use of plasma creatinine
concentration for estimating glomerular filtration rate in infants,
children and adolescents. Pediatr Clin North Am 1987; 34: 
571-90.

14. Schwartz GJ, Haycock GB, Edelman CM Jr, Spitzer A. A 
simple estimate of glomerular filtration rate in children derived
from body length and plasma creatinine. Pediatrics 1976; 58:
259-63.

15. Ham HR, Piepsz A. Estimation of glomerular filtration rate in
infants and children using a single-plasma sample method. J
Nucl Med 1991; 32: 1294-7. 

16. Seikaly MG, Browne R, Bajaj G, Arant BS Jr. Limitations to
body lenght/serum creatinine ratio as an estimate of glomerular
filtration in children. Pediatr Nephrol 1996; 10: 709-11.

17. Filler G, Bökenkamp A, Hofmann W, Le Bricon T, Martinez Bru
C, Grubb A. Cystatin C as a marker of GFR-history, indications,
and future research. Clin Biochem 2005; 38: 1-8.

18. Bökenkamp A, Domanetzki M, Zinck R, Schumann G, Byrd D,
Brodehl J. Reference values for cystatin C serum concentra-
tions in children. Pediatr Nephrol 1998; 12: 125-9.

19. Newman DJ, Thakkar H, Edwards RG, et al. Serum cystatin C
measured by automated immunoassay: a more sensitive 
marker of changes in GFR than serum creatinine. Kidney Int
1995; 47: 312-8.

20. Finney H, Newman DJ, Thakkar H, Fell JM, Price CP. Reference
ranges for plasma cystatin C and creatinine measurements in
premature infants, neonates, and older children. Arch Dis Child
2000; 82: 71-5.

21. Grubb A, Nyman U, Bjork J, et al. A simple cystatin C-based 
prediction equations for glomerular filtration rate compared with
the modification of diet in renal disease prediction equation for
adults and the Schwartz and the Counahan-Barratt prediction
equations for children. Clin Chem  2005; 51: 1420-31.

22. Zappitelli M, Parvex P, Joseph L, et al. Derivation and 
validation of cystatin C-based prediction equations for GFR in
children. Am J Kidney Dis 2006; 48: 221-30.

23. Hojs R, Bevc S, Ekart R, Gorenjak M, Puklave L. Serum cystatin
C-based formulas for prediction of glomerular filtration rate in
patients with chronic kidney disease. Nephron Clin Pract 2010;
114: 118-26.

24. Filler G, Lepage N. Should the Schwartz formula for estimation
of GFR be replaced by cystatin C formula? Pediatr Nephrol
2003; 18: 981-5.

25. Filler G, Priem F, Vollmer I, Gellermann J, Jung K. Diagnostic
sensitivity of serum cystatin for impaired glomerular filtration
rate. Pediatr Nephrol 1999; 13: 501-5.

26. Eriksen BO, Mathisen UD, Melsom T, et al. Cystatin C is not a
better estimator of GFR than plasma creatinine in the general
population. Kidney Int  2010; 78: 1305-11.

TTuurrkk  AArrcchh  PPeedd  22001111;;  4466::  111111--1166 Y›ld›z et al. Cystatin C : more reliable for estimation of glomerular filtration rate? 111155



27. Andersen TB, Jensen AE, Frokiaer J, Brochner-Mortensen J.
Measuring glomerular filtration rate in children; can cystatin C
replace established methods? A review. Pediatr nephrol 2009;
24: 929-41.

28. Bouvet Y, Bouissou F, Coulais Y, et al. GFR is better estimated
by considering both serum cystatin C and creatinine levels.
Pediatr Nephrol 2006; 21: 1299-306.

29. Mussap M, Ruzzante N, Varagnolo M, Plebani M. Quantitative
automated particle-enhanced immunonephelometric assay for
the routinary measurement of human cystatin C. Clin Chem Lab
Med 1998; 36: 859-65.

30. Kyhse-Andersen J, Schmidt C, Nordin G, et al. Serum Cystatin
C, determined by a rapid, automated particle-enhanced tur-
bidimetric method, is a better marker than serum creatinine for
glomerular filtration rate. Clin Chem 1994; 40: 1921-6.

31. Bökenkamp A, Domanetzki M, Zinck R, Schumann G, Byrd D,
Brodehl J. Cystatin C- a new marker of glomerular filtration
rate in children independent of age and height. Pediatrics
1998; 101: 875-81.

32. Çabuko¤lu S, Alpay H, B›y›kl› NK, Noflari OA, Topçu G. Spina 
bifidal› çocuklarda dietilen triamin pentaasetik asit klirensi temel
al›narak serum sistatin C ve kreatinin de¤erlerinin karfl›laflt›r›lmas›.
Türk Nefroloji Diyaliz Transplantasyon Dergisi 2002; 11: 241-5.

33. Herget-Rosenthal S, Marggraf G, Hüsing J, et al. Early detection
of acute renal failure by serum cystatin C. Kidney Int 2004; 66:
1115-22.

34. Nejat M, Pickering JW, Walker RJ, Endre ZH.  Rapid detection
of acute kidney injury by plasma cystatin C in the intensive care
unit. Nephrol Dial Transplant 2010; 25: 3283-9.

35. Risch L, Herklotz R, Blumberg A, Huber AR.  Effects of 
glucocorticoid immunosupression on serum cystatin C 
concentrations in renal transplant patients. Clin Chem 2001;
47: 2055-9.

36. Okura T,  Jotoku M , Irita J, et al. Association between cystatin
C and inflammation in patients with essential hypertension. Clin
Exp Nephrol 2010; 14: 584-8.

37. den Hollander JG, Wulkan RW, Mantel MJ, Berghout A. Is 
cystatin C a marker of glomerular filtration rate in thyroid 
dysfunction? Clin Chem 2003; 49: 1558-9.

38. Sahakyan K, Klein BEK, Lee KE, Tsai MY, Klein R. Serum
Cystatin C and the incidence of hypertension in type 1 diabetes
mellitus. Am J Hypertens 2010; 24: 59-63.

39. Shlipak MG, Katz R, Cushman M, et al. Cystatin-C and 
inflammatory markers in the ambulatory elderly. Am J Med
2005; 118: 1416.

111166 Y›ld›z et al. Cystatin C : more reliable for estimation of glomerular filtration rate? TTuurrkk  AArrcchh  PPeedd  22001111;;  4466::  111111--1166



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


