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Abstract Glomerular filtration rate (GFR) and urine and
serum concentrations of cystatin C and creatinine were
measured in 40 boys and 42 girls. The fractional excretion
of cystatin C (FE Cyst C) increased in proportion to the
decrease in GFR. Since serum creatinine concentration
(S-Creatinine) in the numerator of the fractional excretion
equation and serum cystatin C concentration (S-Cystatin
C) in the denominator have similar numerical values, they
cancel out. The result is an equation in which the FE Cyst
C is equal to the ratio of urinary cystatin C to urinary
creatinine (u[cystatin-C/Cr]). The ratio of u[cystatin C/
Cr] was compared with GFR. Using a receiving operating
characteristic (ROC) plot, the data showed that a ratio of
u[cystatin C/Cr]*100 that is >0.100 has a sensitivity of
90.0% for identification of children with GFR <60 ml/
min per 1.73 m? The false-positive rate is 16.1%. The
u[cystatin C/Cr] ratio is a reliable screening tool for
detecting decreased GFR that does not require a serum
sample.

Keywords Serum cystatin C - Urine cystatin C - Serum
creatinine - Urine creatinine - Glomerular filtration rate -
Cimetidine protocol

Introduction

There have been many studies in which the serum
concentration of cystatin C (S-Cystatin C) and of serum
creatinine (S-Creatinine) were compared as parameters of
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glomerular filtration rate (GFR) [1, 2, 3, 4, 5, 6, 7].
However, little attention has been focused on urinary
cystatin C excretion rates, probably because of the low
concentrations in urine and concern that enzymes in urine
may degrade this protein [8]. In 1997 Tian et al. [9]
reported that urinary cystatin C excretion was signifi-
cantly increased in adults with decreased creatinine
clearance (C¢;). This study showed that the fractional
excretion of cystatin C (FE Cyst C) increased in propor-
tion to the decrease in Cg¢;. In the present study we
compared the FE Cyst C with GFR in pediatric patients.
We noted that S-Cystatin C, which is in the numerator of
the fractional excretion equation, and S-Creatinine, which
is in the denominator, have similar numerical values.
Since the ratio of these serum values is close to unity, we
hypothesized that the revised equation for FE Cyst C, FE
Cyst C=u[Cyst C/Cr], could serve as a parameter for
GFR.

Patients and methods

Children attending the Children’s Kidney Center who were to have
GFR measured for clinical purposes were recruited to provide a
urine specimen for measurement of the concentration of cystatin C
and of creatinine prior to starting the timed urine collection for the
clearance study. The study was approved by the Pediatric Institu-
tional Review Board of the Children’s Mercy Hospital. The purpose
of the study was explained to the children and the responsible adult.
The children or the adult (or both) signed the assent form prior to
the study. Eighty-two children, 40 boys and 42 girls, ranging in age
from 6.1 to 21.3 years (14.0+£3.7 years) participated. The diagnoses
among these children are shown in Table 1.

Clean-voided specimens of urine were collected from all of the
children except the 3 on a catheterization program, from whom a
catheterized specimen was obtained. Samples of at least 15 ml were
required. The specimens were refrigerated immediately and placed
in ice for transfer to the renal laboratory. The pH was adjusted to
between 6.9 and 7.2 and the specimen was then heated at 56°C for
20 min. The urine pH was adjusted using 1 M sodium hydroxide or
1 M hydrochloric acid. A volume correction was used in the final
calculation if the dilution factor was >1.01.

Table 2 shows the stability of cystatin C added to a series of
fresh samples of urine to attain levels from 0.1 to 0.6 mg/l. A
portion was analyzed immediately and a portion was heated in a
56°C water bath for 20 min and then analyzed. This procedure was
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Table 1 Primary disease of patients studied (UPJ uretereopelvic
junction)®

Diagnosis Number
Solitary kidney 14
Reflux nephropathy 10
IgA nephropathy 9
Post-ureteral reimplantation 5
Posterior urethral valves” 4
Chronic glomerulonephritis 5
Pyelonephritis 3
Asymptomatic hematuria 3
Post repair of UPJ obstruction 4
Neurogenic bladder 2

# Two children each had renal artery stenosis, focal segmental
glomerulosclerosis, prune belly syndrome, Alport syndrome, adult
autosomal dominant polycystic kidney disease, and hypoplastic
kidneys, and there were 2 normal children. One child each had
tuberous sclerosis, neonatal urosepsis, neonatal ischemia, congen-
ital hydronephrosis, renal tubular acidosis, voiding dysfunction,
dysfunctional elimination syndrome, interstitial nephritis, and sar-
coidosis

® Two children with posterior urethral valves also had solitary
kidneys, but were included only among those with solitary kidneys

Table 2 Heat stability of urinary cystatin C (percentage of the
fresh value)*

Range (mg/1) n Mean SD CV (%)
0.1-0.2 6 96.3 5.9 6.1
0.2-0.3 18 102.4 8.1 7.9
0.3-0.4 15 99.6 5.9 5.9
0.4-0.6 7 102.7 5.7 5.5
All 46 100.7 6.5 6.4

4Specimens of urine with pH adjusted between 6.9 and 7.2 and then
heated at 56°C for 20 min are stable up to 7 days in the refrigerator
and for at least 6 weeks frozen at —20°C

chosen because it should provide high enough temperature and
exposure time to destroy enzyme activity without affecting protein
solubility. Cystatin C levels were measured by direct analysis. Five
experiments were run with a total of 46 separate specimens. The
results indicate that heating urine at 56°C for 20 min does not affect
the reaction with the immunoprecipitation reagent (Table 2).
Cystatin C in specimens so treated are stable for up to 7 days
refrigerated and for at least 6 weeks frozen at —20°C.

Serum and urine cystatin C concentrations were measured using
an adaptation of the DAKO Cystatin C particle-enhanced turbidi-
metric assay for serum and plasma. A direct assay was found to be
satisfactory for urinary cystatin C concentrations to 0.03 mg/l.
A concentration procedure was developed for specimens with a
cystatin C concentration <0.03 mg/l using an Amicon Centricon-3
membrane filter with a molecular size cut-off of 10,000 daltons.

The concentrating procedure yielded recovery of 102% in control
samples with an assigned value of 0.031 mg/l (mean=0.0315,
SD=0.0023, CV=7.4%). Cystatin C values measured on concen-
trated specimens were valid to a level of 0.01 mg/l. Urine spec-
imens with cystatin C concentrations less than 0.01 mg/l were
assumed to have a concentration of 0.01 mg/l for calculation of the
u[cystatin C/Cr] ratio. The concentration of creatinine in the urine
samples was measured using a kinetic adaptation of the Jaffé
method [10]. Measurements were performed on either a Roche
Cobas Classic or a Roche Mira S automated chemistry instrument.
Side-by-side studies have shown close correlation of values for
serum and urine creatinine and serum and urine cystatin C
measured on the two instruments.

GFR was measured using the cimetidine protocol [11]. C¢; is
measured in children who have received cimetidine during the
preceding 2 days. During the 24 h prior to the clearance study, the
children are placed on a diet free of meat, fish, and fowl, substances
that contain preformed creatinine and creatinine precursors. A final
dose of cimetidine, half of the daily dose, is given approximately
2 h before beginning the timed urine collection for the clearance
study. The children voided or were catheterized prior to beginning
the timed urine collection, and an aliquot of this specimen was used
for measurement of cystatin C and creatinine concentrations. A
single blood specimen was obtained during or following the timed
urine collection for measurement of S-Cystatin C and S-Creatinine.

Statistical methods

The data were analyzed using SPSS 11.0 for Windows. The FE
Cyst C and the u[cystatin C/Cr]*100 ratio were correlated with
GFR using linear regression. The ratio of u[cystatin C/Cr] was
multiplied by 100 to avoid two zeros preceding the initial integer in
the calculations. The relationship between the FE Cyst C and
u[cystatin C/Cr]*100 was examined using a Bland-Altman plot of
the relationship between the difference and the mean after
logarithmic transformation [12]. Receiver operating characteristic
(ROC) plots were derived using u[cystatin C/Cr]*100 ratios with
the affected individuals defined as those with a GFR of <70, <60,
and <50 ml/min per 1.73 m? [13]. The sensitivity and specificity
with a cut-off value for a U[cystatin C/Cr]*100 ratio of 0.100 was
determined for each of the three GFR levels.

Results

Table 3 shows the age, weight, height, surface area, body
mass index, cimetidine GFR, and calculated GFR. The
calculated GFR was derived using the equation GFR=
k*L/[Cr]s. L is the height in centimeters and k values,
as recommended by Schwartz, were determined in our
laboratory [14]. The k values were 0.5 for all girls and
boys <13 years of age and 0.6 for boys older than
13 years. Table 4 summarizes the pertinent creatinine and

Table 3 Descriptive statistics
(GFR glomerular filtration rate,

BMI body mass index)

Mean SD Minimum Maximum
Age (years) 13.9 3.7 6.1 21.3
Weight (kg) 52.4 19.9 18.5 106.2
Height (cm) 154.6 16.8 115.2 192.0
Surface area (m?) 1.48 0.34 0.78 2.20
BMI (kg/m?) 21.2 5.2 13.9 38.4
Cimetidine GFR (ml/min per 1.73m?) 74.3 27.9 9.4 120.6
Calculated GFR? (ml/min per 1.73 m?) 73.8 26.4 10.2 123.4

% Calculated GFR=k*L/[Cr]s. The k values used were 0.50 for all girls and boys <13 years and 0.60 for
boys >13 years. These were determined in our laboratory
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Table 4 Creatinine and cystatin

C data (FE Cyst C fractional " Mean Sb Minimum Maximum
excretion cystatin C) S-Creatinine (mg/dl)? 82 1.44 1.26 0.63 7.86
S-Cystatin (mg/1)* 82 1.39 0.95 0.49 5.50
FE Cyst C 82 0.526 2.673 0.006 28.883
u[CystC/Cr]*100 82 0.430 1.813 0.010 15.884

4 [Cr]s/[Cyst C]s=1.04
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Fig. 1 Linear logarithmic plot of fractional excretion cystatin C
(FE Cyst C) versus glomerular filtration rate (GFR)
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Fig. 2 Linear logarithmic plot of the ratio of urinary cystatin C/
creatinine (u[Cyst C/Cr])*100 versus GFR

cystatin C data among the 82 children studied. The foot-
note shows that the ratio of [Cr]s/[Cyst C]s=1.04.
Figures 1 and 2 are the linear-log plots of FE Cyst C
versus GFR and of the u[cystatin C/Cr]*100 ratio versus
GFR. The plots are similar (r=0.359 and 0.402, respec-
tively). Figure 3 is the linear regression of FE Cyst C with
u[cystatin C/Cr]*100 ratios after logarithmic transforma-
tion. There is very close correlation (r=0.995). Figure 4 is
the Bland-Altman plot of the difference between the FE
Cyst C and the u[cystatin C/Cr]*100 ratio plotted against
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r=0.995

Fig. 3 Logarithmic plot of FE Cyst C versus u[Cyst C/Cr]*100
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Fig. 4 Bland-Altman plot of log FE Cyst C compared with log
u[Cyst C/Cr]*100

the average of the two after logarithmic transformation
[12]. Of the 82 u[cystatin C/Cr]*100 ratios, only 2
deviated by more than 2 SD from the mean, indicating
that the u[cystatin C/Cr]*100 ratio closely reflects the FE
Cyst C. Figure 5 is the ROC plot of the u[cystatin C/
Cr]*100 ratios with those affected defined by a GFR
<60 ml/min per 1.73 m?. The area under the ROC plot is
0.871. The arrow points to the site on the ROC curve that
is the locus of a u[cystatin C/Cr]*100 ratio of 0.100. A
ratio >0.100 has a sensitivity of 90.0% for identification
of children with GFR <60 ml/min per 1.73 m?. The false-
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Table 5 Receiver operating characteristic (ROC) plot data—sensitivity and false positivity

u[Cyst C/Cr]*100 with 0.100 cut-off

GFR defining those affected

Area under the ROC plot
(ml/min/1.73 m?)

Sensitivity (%)

95% confidence interval for
sensitivity

False positivity (%)

50 0.848
60 0.871
70 0.743

88.7
90.0
66.7

73-100
77-100
49-84

20.0
16.1
18.2

1.00

U[Cyst C/Cr]*100 = 0.100
Sensitivity = 90.0%
1 - Specificity = 16.1%

.75

.50

Sensitivity

.25

Area = 0.871
0.00

0.00 25 50 75

1.00
1 - Specificity (False Positivity)

Fig. 5 Receiving operator characteristic plot using u[Cyst C/
Cr]*100 with affected individuals as those with GFR <60 ml/min
per 1.73 m?

positive rate is 16.1%. Table 5 shows the ROC plot data
and the sensitivity and false positive-values with those
affected defined by GFR <50, <60, and <70 ml/min per
1.73 m? using a u[cystatin C/Cr]*100 ratio of 0.100 for
the cut-off. The 95% confidence intervals for the sensi-
tivities are shown.

Discussion

There is wide interest in the prevalence of chronic kidney
disease (CKD) and of decreased kidney function because
of the possibility that intervention may reduce or slow the
progression to the need for dialysis or transplantation
[15]. A convenient and inexpensive screening test that
identifies impaired kidney function in asymptomatic in-
dividuals should be beneficial to the individual and to
society. Currently, screening of an asymptomatic adult for
reduced kidney function involves obtaining a personal
and a family history, anthropometric data, measurement
of blood pressure, urinalysis, and a blood specimen for
S-Creatinine (urea nitrogen for some calculations) and
cholesterol. A number of equations have been recom-
mended for estimation of renal clearance among adults
[16, 17]. Each of these equations requires a blood
specimen for measurement of S-Creatinine.

A recent article based on the National Kidney Foun-
dation’s Kidney Disease Outcomes Quality Initiative
was written with the goal of improving the detection and

management of CKD in children and adolescents [18].
The level of GFR was taken as the primary focus in the
guideline, “because GFR provides the best measure of
overall kidney function.” The recommendation was that
GFR be estimated from prediction equations that take into
account the patients height and gender and S-Creatinine
concentration [19, 20]. GFR calculated from the predic-
tion equations using S-Creatinine, height, and gender is a
screening test for GFR not a measurement. If a screening
test indicates decreased GFR, this should be checked
using a reliable measurement of GFR before subjecting
the child to an in-depth evaluation of kidney function. The
data of the present investigation show that a specimen of
urine for measurement of the ratio of cystatin C/creatinine
has a 90% specificity for identification of pediatric pa-
tients with GFR <60 ml/min per 1.73 m? with a false-
positive rate of 16.1%. This screening test for GFR does
not require a blood specimen. If this test is shown to be
valid for estimation of GFR in children on a free diet who
are not taking cimetidine, it will be an ideal screening test
to detect asymptomatic children with reduced kidney
function.

High doses of steroid given to renal transplant patients
resulted in higher S-Cystatin C levels than in other
children with similar GFR [21]. None of the children in
this study were renal transplant recipients nor had any
been on high-dose steroid therapy. Fricker et al. [22] found
that thyroid hormone levels directly correlate with S-
Cystatin. No child participating in this study was clinically
hyper- or hypothyroid. Massive proteinuria (1,000-fold
higher than that of controls) induced in Sprague-Dawley
rats inhibited the tubular reabsorption of low-molecular-
weight proteins [23]. Only 1 child in this study, 1 of the 9
with IgA nephropathy, had marked proteinuria. He had a
urinary protein/Cr ratio of 3.18 and protein excretion
calculated as 3,171 mg/24 h. He was asymptomatic with
no evidence of edema or ascites.

GFR in the children in this study was measured using
the cimetidine protocol [11]. The children received cime-
tidine for 2 days prior to and on the day of the clearance
study. It has been shown that creatinine excretion rates are
not altered by the ingestion of cimetidine as used in this
protocol, so that should not be a factor in the employment
of the u[cystatin C/Cr] ratio to detect decreased GFR [24].
The children were on a diet free of meat, fish, and fowl for
24 h prior to urine collection for the clearance study [11].
Dietary intake influences the renal rate of excretion of
creatinine because the creatine pool size may be increas-
ed by diet, especially meat [25]. The ingestion of food



containing preformed creatinine and creatinine precursors
increases the creatinine excretion rate and causes a tran-
sient increase in S-Creatinine levels [26]. No studies have
been conducted to determine if the u[cystatin C/Cr] ratio
will detect decreased GFR in children on a free diet. The
next step in our studies will be to evaluate the u[cystatin
C/Cr] ratio in children on a free diet who are not receiving
cimetidine.

In conclusion, the ratio of urinary cystatin C to urinary
creatinine has been shown to be a reliable screening tool
to identify children with reduced GFR when the filtration
rate was measured using the cimetidine protocol [11]. If
the test is found to be reliable for detecting reduced GFR
in children on a free diet who are not receiving cimeti-
dine, it should be an ideal tool for screening asymptom-
atic children and adolescents for CKD.
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