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Abstract

Background: Chronic kidney disease (CKD) is a worldwide public health problem. Glomerular filtration rate (GFR) is accepted as the best
way to diagnose and monitor kidney function. Plasma Cystatin C (CysC) has been proposed as a better marker of GFR than serum creatinine
(SCr), but it is not widely used because of some drawbacks with CysC assays. Our purpose is to determine the diagnostic accuracy of CysC and
SCr for GFR estimation in children, using 99Tc-DTPA clearance (ClTc) as the reference standard. We also discuss some of the economic
implications of these tests, in order to guide clinicians when to use CysC or SCr for the diagnosis or monitoring of CKD.

Methods: Data were collected from 109 Colombian outpatients aged less than 18 years referred for determination of GFR because of suspected
or definite renal insufficiency. The cost of each test was determined in Bogotá, Colombia, and in Madrid, Spain.

Results: Using a GFR of 90 mL/min as a cut-off value, we found: CysC sensitivity 75%, specificity 84%, and area under ROC curve (AUC)
0.84. SCr sensitivity 46%, specificity 100%, and AUC 0.72. Using a GFR of 70 mL/min as a cut-off value, we found: CysC sensitivity 100%,
specificity 48%, and AUC 0.94. SCr sensitivity 77%, specificity 91%, and AUC 0.81. In all calculations predictive values behave correspondingly
and ranges were narrow at CI 95%. In AUC, p=0.0001. Cost per enzymatic test in Bogotá: CysC U$ 27; SCr U$ 2. Cost per enzymatic test in
Madrid: CysC U$ 3; SCr U$ 0.08.

Conclusion: CysC is a very interesting option, and could be a replacement to serum creatinine for diagnosing and possibly for monitoring
kidney function in children.
© 2008 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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Introduction

Chronic kidney disease (CKD) is a worldwide public health
problem [1], but is often only clinically evident in its advanced
stages. In Colombia there are nearly 15,000 patients with
terminal CKD: the annual cost of treating these patients and
associated complications exceeds the annual budget for
Abbreviations: CKD, Chronic kidney disease; GFR, Glomerular filtration
rate; CysC, plasma Cystatin C; SCr, serum creatinine; ClTc, 99Tc-DTPA
clearance; PPV, positive predictive value; NPV, negative predictive value; AUC,
Area under ROC curve.
⁎ Corresponding author.
E-mail address: raul.narvaez@uam.es (R. Narvaez-Sanchez).
URL: http://rincon.uam.es/dir?cw=877832031250000.

0009-9120/$ - see front matter © 2008 The Canadian Society of Clinical Chemists
doi:10.1016/j.clinbiochem.2008.01.022
rebuilding and upgrading hospital facilities [2]. The recorded
prevalence of infantile CKD in Colombia is one of the lowest
in America (just 2 cases per million per year) but this is
probably due to enormous under-diagnosis [3], similar to that
found in all non-industrialized countries. The incidence of
CKD is growing around the world [4], in part because of
detection through routine laboratory measurements [1]. In
addition, adverse outcomes and costs of CKD in the Third
World are growing [5].

Glomerular filtration rate (GFR) is the best overall measure of
kidney function [6]. Estimation of GFR is used in the detection
of CKD, and for monitoring renal function. Changes in GFR can
predict the progression of disease and the risk of secondary
complications. A decrease in GFR precedes kidney failure in all
. Published by Elsevier Inc. All rights reserved.
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Table 1
Patient's characteristic

N (%)

Age (mean±SD) 8.49±4.74
Age (years)
1–5 30 (27.5)
5–9 28 (25.7)
9–13 33 (30.3)
N13 18 (16.5)

Gender
Female 53 (48.6)
Male 56 (51.49)

Weight (kg) (mean±SD) 28.20±15.35
Height (cm) (mean±SD) 121.93±29.15
Stage (based on reference [1])
GFR⁎≥90 61 (56)
GFR from 60 to 89 24 (22)
GFR from 30 to 59 14 (12.8)
GFR from 15 to 29 3 (2.7)
GFR≤15 7 (6.4)

Diagnostic groups
Group 1: UTI, obstructive uropathy, VUR⁎⁎ 61 (56)
Group 2: Congenital kidney pathology⁎⁎⁎ 15 (13.8)
Group 3: Glomerular disease⁎⁎⁎⁎ 22 (20.2)
Group 4: Others⁎⁎⁎⁎⁎ 11 (10.1)

⁎ Absolute GFR determined by ClTc, in mL/min.
⁎⁎ UTI: Antecedents of urinary tract infection; VUR: vesico-ureteral reflux.

⁎⁎⁎ Hypoplasia, dysplasia, agenesis.
⁎⁎⁎⁎ Nephrosis, Haematuria, Proteinuria, Alport, etc.
⁎⁎⁎⁎⁎ Tubular pathologies, Arterial hypertension, Obesity.
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forms of progressive kidney disease and is associated with
cardiovascular morbidity and mortality [7]. Early recognition of
kidney disease and successful intervention may improve the
prognosis in cardiovascular disease [8,9]. Therefore methods to
estimate GFR must be accurate and cost effective.

SCr is the marker worldwide commonly used to estimate
GFR, but it is a controversial test because serum creatinine
production rate varies with muscle mass and the dietary intake,
and thus on age, sex, race and the catabolic or anabolic state of
the patient. CysC is a cationic non-glycosylated protein, formed
from 120 aminoacids with a weight of 13.3 kDa. It is produced
at a constant rate in lysosomes of all nucleated cells of the body,
and is present in diverse biological fluids like serum, semen and
cerebrospinal fluid [10]. It is cleared exclusively through the
kidney and therefore its concentration depends solely on the
GFR. In 1985 was demonstrated for the first time its powerful
negative correlation with the GFR [11,12]. It has been proposed
as a marker to estimate GFR since it can detect changes in GFR
earlier than SCr [13–15] and recently identified in urine as a
marker of tubular dysfunction [16]. But CysC has a wide
interindividual variation and there are no standardized methods
to measure it [17–20] nor validated equations to estimate GFR
from CysC. CysC has been claimed to be independent of body
mass [13] but it has been recently controverted [21]. CysC can
be affected by several clinical conditions [22]. In addition, one
CysC test is many times more expensive than one SCr test,
which is an important consideration when frequent testing is
necessary.

Methods

All procedures involving patients and data were in accordance
with the Helsinki Declaration, the Health Ministry of Colombia
policies concerning ethical principles for medical research, and
with the consent of the Ethics Committees of Universidad del
Rosario and Fundacion Cardioinfantil — Bogotá (FCI).
Informed consent was signed by one patient's relative in addition
to the assent by the patient if 7 years of age or older.

Patient population and samples

From April to September 2006 data were prospectively
collected from 109 outpatients aged between 1 and 18 years.
Patients were referred to the Pediatric Nephrology service from
other services of FCI for the determination of GFR because of
suspected CKD (patients with a risk factor as arterial hyperten-
sion, obesity, autoimmune diseases, repeated urinary tract infec-
tions, lower urinary tract obstruction or diabetes) or definite CKD.
Patients satisfying inclusion criteria were referred to Nuclear
Medicine of FCI for blood sampling and gamma imaging.

The inclusion criteria were: order of the nephrologist for
measuring GFR; age N1 year, b18 years; acceptation of the child
(if ageN7 years) and the child's relative to participate in the
study. The exclusion criteria were: incapacity of the child's
relative to understand the informed consent; acute infection,
particularly nephritis or something that causes vomiting and/or
diarrhea; neoplasia of any etiology in palliative treatment;
hospitalized child; hepatic or thyroidal disease; Black race
(because it is not clear if the SCr observed racial differences in
adults are the same in children).

Once in the Nuclear Medicine service, a cannula was inserted
into the patient's vena basilica and blood samples for CysC and
SCr were taken (heparinized tube for CysC and dry tube for
SCr). Immediately after blood sampling, 99Tc-DTPAwas given
through the same cannula and gamma images obtained using a
gamma camera Hawkeye (General Electric; St Giles, UK) in
optimal state of maintenance. GFR and renal plasmatic flux were
measured by computerized analysis using Gates technique [23]
by a specialist in nuclear medicine. We used ClTc as a reference
standard because of its excellent agreement with clearances of
inulin and iothalamate, and it correctly classifies the target
condition [24–26]. The supplier of the technetium used
guarantees a quality standard higher than 95%.

The sample for SCrwas processed immediately by biochemists
in the FCI Clinical Laboratory using the VITROS250 analyzer
(Johnson and Johnson; Ramsey, Minnesota, USA), by dry
chemistry and two-point kinetics, with coefficient of variation
less than 1.16%. The machine is calibrated daily with control sera
from Randox Chemistry (Oceanside, CA, USA) and external
quality control is ensured by theAmericanCollege of Pathologists.

The samples for CysC were stored at −20 °C for not more
than three months and analyzed, by biochemists, in batches by
immunonephelometry in a BN 100 analyzer (Dade Behring,
Germany), with coefficient of variation less than 2.0%, at the
Clínica de la Policía in Bogotá, where technical maintenance
and calibration of equipment are guaranteed by VelezLab enter-
prises (Bogotá, Colombia).



Table 2
Biochemical parameters among diagnostic groups (mean±SD)

All Diagnostic group

1 2 3 4

N 109 61 15 22 11
SCr (mg/dL)⁎⁎⁎ a 1.24±2.13 1.12±1.92 0.56±0.25 2.40±3.26 0.5±0.32
CysC (mg/L)⁎⁎ 1.45±1.66 1.53±1.90 0.93±0.29 1.91±1.79 0.91±0.26
ClTc (mL/min)⁎ 87.55±36.26 86.64±34.96 88.13±29.12 79.91±45.40 107.18±28.21

Kruskal–Wallis test: ⁎ not significant; ⁎⁎p≤0.05; ⁎⁎⁎p≤0.001.
a To convert mg/dL to μmol/L of creatinine, multiply by 88.
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The readers of the index test and reference standard were
blind (masked) to the results of the other tests.

The cost of SCr and CysC tests was provided in December
2006 by Instituto del Riñón, FCI Clinical Laboratory and
VelezLab enterprises (all three from Bogota, Colombia), and
from Hospital Universitario La Paz Biochemistry Unit (Madrid,
Spain). Respective currencies were converted to U. S. dollars.

Statistical method

Sample size of 109 children was calculated for sensitivities of
CysC (81%) and SCr (94%) informed by Dade BehringMarburg
[27] for a two-side test with a significant level of 5% and power
of 80% [28,29]. Sample size was stratified by kidney function in
a relationship 1:3 (27 should be no CKD patients and 79 should
be CKD patients). Continuous variables were summarized by
mean, range and standard deviation. Distributions of qualitative
variables were calculated. The distribution of biochemical
parameters among diagnostic groups was co-pared using
Kruskal–Wallis and Mann–Whitney U tests. Kidney dysfunc-
tion was defined as a GFR≤90 mL/min or GFR≤70 mL/min to
calculate sensitivity, and specificity and to draw a ROC curve.
These are widely used cut-off values in studies comparing CysC
and SCr [24]. In reference to the gold standard, sensitivity and
specificity were calculated by standard formulae [30]. The
positive and negative predictive values of each test were
calculated. The Lin correlation coefficient [31] was calculated
to measure the concordance among quantitative variables CysC
and SCr. 95% confidence intervals were calculated. Finally, the
ROC curve was drawn and area under the curve was measured.
Differences between ROC curves were estimated according to
DeLong methods [32]. Confidence intervals for the AUC were
Table 3
Sensitivity and specificity for SCr and CysC

Sensitivity a Specificity a

70 mL/min
SCr (mg/dL)c 77.4 (58.4–89.7) 91 (81.8–96)
CysC (mg/L) 100 (90.2–100) 48.4 (35.9–61.2)

90 mL/min
SCr (mg/dL) c 46 (31.6–60.7) 100 (92.6–100)
CysC (mg/L) 75 (60.1–85.9) 83.6 (71.4–91.4)

AUC: area under the ROC curve.
a 95% CI.
b compared AUC by DeLong methods.
c To convert mg/dL to μmol/L of creatinine, multiply by 88.
calculated according to Hanley and McNeil [33] All statistical
analyses and graphs were carried out at significant level of 5%
and power of 80% using STATA software v9 and Statistical
Package for the Social Sciences v14 (SPSS Inc, Chicago, USA).

Results

109 patients younger than 18 years were included, with mean
age of 8.5 years (SD±4.7). 49% were female. Demographic
characteristics, stages and diagnostic groups are shown inTable 1.
As expected, SCr and CysC levels were inversely related to ClTc
(ρ−=−0.49, p=0.0001 for SCr; ρ=−0.67, p=0.0001 for CysC)
and the Lin coefficient between levels of CysC andSCr is positive
(ρ=0.6, p=0.0001).

Levels of SCr vary significantly between diagnostic groups
(p≤0.001) with the highest value in group 3 (mean 2.4 mg/dL–
211μmol/L-) and the lowest in diagnostic group 4 (mean 0.5mg/
dL–4 μmol/L-). CysC levels also vary significantly (p≤0.05)
showing the highest value in group 3 (mean 1.9 mg/L) and the
lowest in group 4 (mean 0.9 mg/L) (Tables 1 and 2).

Sensitivity and specificity

We used two clinically significant cut-off values based on the
measured GFR, 90 and 70 mL/min. Using 90 mL/min, SCr was
found to have a sensitivity of 46% (95% CI; 31.6–60.7), a
specificity of 100% (95% CI; 92.6–100), a positive predictive
value (PPV) of 70% (95% CI; 59.2–86.6) and a negative
predictive value (NPV) of 100% (95% CI; 81.5–100). CysC
was found to have a sensitivity of 75% (95% CI; 60.1–85.9), a
specificity of 84% (95% CI; 71.4–91.4), a PPV of 78% (95%
CI; 63.2–88.5) and a NPV of 81% (95% CI; 68.7–89.4) (see
p AUC p b

b0.0001 0.81 (0.72–0.94) 0.004
b0.0001 0.94 (0.92–0.98)

b0.0001 0.72 (0.60–0.82) 0.004
b0.0001 0.84 (0.76–0.92)



Fig. 1. ROC curves for SCr and CysC when kidney dysfunction is defined as
GFR≤70 mL/min (A) or GFR≤90 mL/min (B).
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Table 3). Optimum cut-offs on serum values were 1.05 mg/dL
(92.4 μmol/L) for SCr and 1.01 mg/L for CysC. Using a GFR of
70 mL/min as a reference cut-off, SCr was found to have a
sensitivity of 77% (95% CI; 58.4–89.7), a specificity of 91%
(95% CI; 81.8–96), a PPV of 77% (95% CI; 58.4–89.7) and a
NPV of 91% (95% CI; 81.8–96). CysC was found to have a
sensitivity of 100% (95% CI; 90.2–100), a specificity of 48%
(95% CI; 35.9–61.2), a PPVof 58% (95% CI; 45.9–68.6) and a
NPVof 100% (95% CI; 86.2–100) (see Table 3). Optimum cut-
offs on serum values were 0.85 mg/dL (74.8 μmol/L) for SCr
and 0.87 mg/L for CysC.

ROC curves (Fig. 1) were drawn at the reference cut-off
values. At 90 mL/min the AUC for SCr is 0.72 (p=0.0001; 95%
CI 0.6–0.82) and for CysC is 0.84 (p=0.0001; 95% CI 0.76–
0.92). Using 70 mL/min as a cut-off, the areas are 0.81
(p=0.0001; 95% CI 0.72–0.94) for SCr and 0.94 (p=0.0001;
95% CI 0.92–0.98) for CysC. The difference in AUC, which is
based on paired data, is statistically significant (p=0.004).

Costs per test

Cost per enzymatic test in Bogotá, Colombia: CysC U$ 27;
SCr U$ 2. Cost per enzymatic test in Madrid, Spain: CysC U$ 3;
SCr U$ 0.08.
Discussion

CKD is a major worldwide problem, its prevalence is rapidly
increasing and most of the patients remain undiagnosed.
Accurate, cost-effective and widely available tests are required
for diagnosis of CKD and to detect its progression to allow
treatment at an early stage. Several methods exist to estimate
GFR, and the accuracy (sensitivity plus specificity) of all of
them tends to be highest for a normal GFR, and lowest with a
reduced GFR [5]. Traditionally SCr has been used because it is
readily available and cheap, but its limitations, especially in
pediatric population, make it necessary to continue the search
for better tests. Therefore our purpose was to determine the
diagnostic accuracy of CysC and SCr for GFR estimation in
children, using 99Tc-DTPA clearance as the reference standard,
and to discuss some of the economic implications of these tests,
in order to guide clinicians when to use CysC or SCr for the
diagnosis or monitoring of CKD.

This is the first study of CysC in Colombian children. The
population in our study comprised almost every child which,
because of some urinary episode, was referred to nephrologists
for measurement of GFR, and thus included a high number of
healthy children. Data from all the patients were included in tests
of sensitivity and specificity, and the variety of analyzed
pathologic conditions presents a range of values for the analyte
that includes those likely to be encountered in routine application.
We had just two cases in treatment with corticosteroids during the
study; none of them was out of ranges among their diagnostic
groups or stages. We had a large number of patients presenting
urinary tract infections and lower urinary tract obstruction, but
CKD associated with autoimmune diseases, arterial hypertension
and obesity are increasing in incidence in Colombia: Hispanics
increasingly living the “American way of life” but in an envi-
ronment lacking efficient primary health care services, leading to
an increase in CKD-related incidence and mortality.

Radioisotopic measurements are the reference test of choice
in patients of any age and any degree of renal impairment. A
relative limitation of the radioisotopic study, at least for CKD of
obstructive origin and short evolution (like most of our cases) is
that this test will give an indication of the mass of nephrons
functionally blocked by the endocapsular hypertension second-
ary to the obstruction but anatomically healthy and then
recoverable if the obstruction were relieved, rather than GFR
[26].

In our study, the correlation between SCr and CysC was
similar to that found in children by other groups [34–36]. Those
good correlation and concordance show that these tests report
with similar accuracy. Our results suggest that they both are
more useful in glomerular than in tubular pathologies. ROC
curves (Fig. 1) were drawn at two clinically very important GFR
cut-off values. At 90 mL/min the area under the curve for CysC
is greater than that for SCr. In terms of sensitivity, this GFR
region is what should be aimed at since early detection leads to
early follow-up and possibly better management of a progres-
sive disease. Even though, the clinician must think that there
might be almost one in every five patients followed while not
needing it.
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With a GFR cut-off value of 70 mL/min, CysC and SCr areas
increase1 and the difference between them does not change.
When one analyzes panel A of Fig. 1 (GFR 70ml/min) and draws
a diagonal line from 100% sensitivity to 0 specificity, the point of
intersection for CysC gives a sensitivity of approximately 83%
and a specificity of 86%. For SCr they are 74 and 73%
respectively. A similar exercise for panel B of Fig. 1 (GFR 90ml/
min) gives a sensitivity of 76% and a specificity of 76% for CysC
and 62 and 68% respectively for SCr. Accordingly, on both
occasions, CysC performs better than SCr to evaluate kidney
function in children. If a 100% specificity is the common
denominator to all comparisons, then at a GFR of 70 ml/min, the
sensitivity of CysC is approximately 43% and that of SCr is 48%,
whereas at a GFR of 90 ml/min, their respective sensitivities are
55 and 46%. These data verified that CysC is more sensitive than
SCr and is a better test in early stages of CKD, but are in conflict
with several authors' findings [37,38] who suggest that CysC has
no diagnostic advantage over SCr in more advanced disease.

Many studies that have found CysC measurement advanta-
geous over SCr have used the Jaffe method for SCr deter-
mination. When enzymatic creatinine and cystatin methods are
used as in our study, the advantage of CysC over SCr is less
obvious. In addition, both tests are affected by several con-
ditions, particularly by body mass, a key issue in pediatrics.
Enzymatic and non enzymatic methods, and prediction
equations, have been validated and standardized for SCr but
not for CysC.We conclude that CysC is a very interesting option
and could be a replacement to serum creatinine for the diagnosis
and possibly for monitoring kidney function in children. We
agree with Risch et al [19] that standardization of CysC assays
will allow better comparison of study results and CysC-based
GFR estimates, and should produce recommendations for the
use of CysC and its related equations.

An important part of our findings is that one CysC test is
more expensive than one SCr enzymatic test, 14 times in Bogotá
and 37 times in Madrid (Let us remember that frequent testing is
usually necessary in CKD). In cost/benefit terms, monitoring
CysC in established CKD could not be justified. The cost of a
test is not a major argument given the objective of reducing or
preventing renal insufficiency in children, but the clinician must
think, on one hand, that the cost of running a CysC test could be
too great for it to outweigh the slight benefit in sensitivity, and
on the other hand, that the reduced sensitivity of SCr could
cause a missed case of renal insufficiency to go unnoticed for an
extended period of time, resulting in an increased cost of care.
Therefore, if the purpose of the testing strategy is to monitor for
progression of kidney disease in someone already diagnosed, an
estimated GFR from SCr, improved through validated equations
as recommended by task groups [1] should be used. However, if
the purpose of testing is to detect disease in a population of
children at risk for kidney disease, a more complete cost
analysis would be necessary to choose a test.
1 The increase in AUC does not indicate that tests perform better when GFR
reduces. When a lower GFR cut-off value is used, more positive cases are
included above this value, increasing sensitivity and reducing specificity, and
therefore increasing the probability of false positives.
It is foreseeable that if measurement of CysC becomes more
widespread, the cost of the test will reduce, but it still may not
be as cheap as SCr measurement, and SCr will keep its superb
specificity and availability. Standardization of CysC assays and
its related equations is necessary. In the meantime, clinicians
must consider if CysC is the test they need, particularly in cost/
benefit terms.
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