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Abstract

Introduction. Measurement of glomerular filtration rate
(GFR) is critical for the diagnosis and stratification of
chronic kidney disease (CKD). Recent studies have shown
that cystatin C is superior to creatinine for the detection of
impaired GFR, and several cystatin C-based equations for
estimating GFR have been developed for this clinical ap-
plication. We conducted the present study to assess the ap-
plicability of cystatin C as a routine clinical laboratory
index and to determine the performance of cystatin C-
based equations in estimating GFR in CKD patients in
China.

Methods. Performance evaluation of particle-enhanced
turbidimetric cystatin C assay on the Abbott Aeroset ana-
lyser was carried out according to the National Committee
for Clinical Laboratory document EP10-A2. Estimated
GFR, which was generated from cystatin C-based equa-
tions, was compared with measured GFR, which was de-
tected by plasma clearance of 99mTc-DTPA.

Results. Our cystatin C assay showed a very low total im-
precision and linearity drift. All eight cystatin C-based
GFR estimating equations underestimated or overesti-
mated GFR as compared with GFR determined by
99mTc-DTPA clearance.

Conclusion. Although the cystatin C assay is acceptable
for routine clinical laboratory monitoring, none of the ex-
isting cystatin C-based equations were ideal for estimating
GFR in Chinese CKD patients.
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Introduction

Glomerular filtration rate (GFR) is one of the commonly
used indexes for early detection of chronic kidney disease
(CKD). Estimation of GFR is recommended to diagnose
and stratify CKD. An accurate, convenient and reproduc-

ible method for estimating GFR is important for clinical
practice. The ‘gold standard’ for determining GFR in-
volves measuring the clearance of exogenous substances
such as inulin. However, the measurement of inulin is
time-consuming, labor-intensive and expensive, which
makes it incompatible for routine monitoring. As a result,
in clinical practice, the measurement of endogenous serum
substances for estimation of GFR (eGFR) is commonly
performed. Because earlier studies have mainly focused
on serum creatinine (Scr), creatinine clearance has com-
monly been used as a marker for GFR. Despite its com-
mon use, creatinine has several serious limitations as a
marker for renal function. For example, creatinine levels
are influenced by factors such as age, gender, muscle mass,
physical activity and diet [1]. Also, creatinine clearance
usually overestimates the true GFR [2].

The use of cystatin C has attracted recent attention as
an endogenous substance for measuring GFR. A meta-
analysis suggested that cystatin C is superior to creatinine
for detecting impaired GFR in cross-sectional studies [3].
Cystatin C offers advantages over creatinine because there
is less interference and because it is more sensitive to the
change in GFR in children. In clinical practice, serum
cystatin C may optimize the early detection of diabetic
or hypertensive nephropathy [4,5].

Recently reported formulas for using serum cystatin C
concentrations are based on the particle-enhanced immu-
nonephelometric assay (PENIA) or the immunoturbidi-
metric assay (PETIA) in order to estimate GFR [6-11].
The diagnostic accuracy of three cystatin C-based formu-
las (Larson, Hoek and Filler formulae) using an immuno-
nephelometric method has been evaluated in liver
transplant recipients [12] and in kidney transplant recipi-
ents [13]. In both reports, the Hoek formula showed the
best overall performance for GFR estimation with respect
to bias, precision and accuracy.

However, cystatin C has not been widely used in routine
clinical laboratory testing. One problem is a need for ad-
aptation of cystatin C assays to routine chemistry instru-

© The Author 2009. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.

For Permissions, please e-mail: journals.permissions@oxfordjournals.org

220z 1snbny |z uo1senb Aq 2€€1L¥81/68% L/S/SZ/8I0E/ApU/WOo0 dno-ojwepeoe//:sdiy wolj pepeojumoq



1490
Table 1. Equations to predict GFR using cystatin C (cystatin C in mg/L)

Y. Sun et al.

Equations  Reference Formula Methods  Instruments and reagents Sample size  Population

1 Grubb et al. [11] eGFR = 99.19 x cystatin PETIA Hitachi, DakoCytomation n =451 Adults
C1713 % 0.823 (if female)

2 Tan et al. [25] eGFR = 87.1 cystatin C — 6.87 PETIA Roche Cobas, DakoCytomation n = 40 Adults

n=29 Diabetics

3 Larsson e al. [8] ~ eGFR = 99.434 x cystatin C '°%7  PETIA  DakoCytomation n =100 Adults

4 Sjostrom et al. [10] eGFR = 124 cystatin C — 22.3 PETIA n =381 Adults

5 Hoek et al. [7] eGFR = 80.35 cystatin C — 4.32 PENIA BN ProSpec Dade Behring n=123 CKD patients

6 Filler et al. [26] log(eGFR) = 1.962 + PENIA BN ProSpec Dade Behring n =536 CKD children
[1.123 x log(1 cystatin C)]

7 Larsson et al. [8] eGFR = 77.239 x cystatin C '?**®  PENIA  Dade Behring n =100 Adults

8 Rule et al. [27] eGFR = 66.8 x cystatin C'-*° PENIA BN II Nephelometer n =357 CKD patients

Dade Behring

ments to minimize turnaround times and to allow 24 h/day
availability. In addition, despite the demonstrated advan-
tages of the above equations, further verification is needed
in larger and more diverse populations. We therefore con-
ducted the present study to evaluate the applicability of cy-
statin C as a routine clinical laboratory index using the
Abbott Aeroset analyser with a particle-enhanced turbidi-
metric cystatin C kit and to evaluate the diagnostic perfor-
mance of cystatin C-based formulas in CKD patients in
China.

Materials and methods

Cystatin C measurement and performance evaluation of a
particle-enhanced turbidimetric cystatin C assay on the Abbott
Aeroset analyser

Serum cystatin C was measured using a particle-enhanced turbidimet-
ric cystatin C kit (Jingyuan, Medical Appliance Ltd, Shanghai, China)
on Architect Aeroset analyzer (Abbott Laboratories, Abbott Park, IL,
USA). The performance of the particle-enhanced turbidimetric cystatin
C method was evaluated according to National Committee for Clinical
Laboratory Standards (NCCLS) document EP10-A2 [14]. To establish
the accuracy of this method, plasma cystatin C measurements were
also performed by latex-enhanced reagent (N Latex Cystatin C, Dade
Behring, Deerfield, IL, USA) using a BN ProSpec analyser (Dade
Behring) and calibrators from Dade Behring. The test was performed
according to the recommendation of the manufacturer. Using a statis-
tical technique, the linearity, proportional and constant bias, linear
drift and precision of each clinical laboratory method were given pre-
liminary evaluation. Correlations between the two methods were also
evaluated.

Patient population and samples

Plasma cystatin C was measured in 95 CKD patients (age range, 15.6—
74.0 years; 41 females and 54 males) that were hospitalized in The First
Affiliated Hospital of Sun Yat-sen University and that had been consec-
utively referred for determination of GFR by 99mTc-DTPA clearance
measurements during a period of 12 months (January to December
2005). Common causes for referral of patients were primary or secondary
glomerular disease, hypertension, obstructive kidney disease, renal-vas-
cular disease, chronic tubulointerstitial disease, diabetic nephropathy,
polycystic kidney disease, other causes and causes unknown. CKD was
diagnosed and classified according to the Kidney Disease Outcome
Quality Initiative clinical practice guideline [15]. Patients with acute kid-
ney function deterioration, edema, skeletal muscle atrophy, pleural effu-
sion or ascites, malnutrition, amputation, heart failure, ketoacidosis,
hypothyroidism, hyperthyroidism [16] or high-dose steroid use [17],
which have significant influences on cystatin C, were excluded. All sub-
jects gave their written informed consent, and the Ethics Committee of
Sun Yat-sen University approved the study.

GFR measurement

GFR was measured by the plasma clearance of 99mTc-DTPA [18,19]. Ten
millicuries (370 Mbq) of 99mTc-DTPA was given as a single injection
with plasma samples drawn at 120, 180 and 240 min after injection
[20,21]. GFR was assessed using a dual plasma sampling method
[22,23], standardized for body surface area [24], and was calculated using
the measured GFR (mGFR) equation:

rGFR (ml min"'/1.73 m ) = {DIn (P1/P2)/(T2 — T1)}exp{[(T1InP2) —
(T2InP1))/(T2 — T1)} % 0.93 x 1.73/BSA

where D is dosage of drug injected, T1 is time of first blood
sampling (~2 h), Pl is plasma activity at T1, T2 is time of second
blood sampling (~4 h) and P2 is plasma activity at T2. The units of
measurement were counts per minute, per millilitre for D, P1 and P2
and minutes for T1 and T2. Body surface area is abbreviated as
BSA.

To ensure reliability of the 9mTc-DTPA measurements, the 99mTc-
DTPA drug was strictly selected (radiochemical purity greater than 95%
and percentage of 9mTc-DTPA bound to plasma protein <5%). In addi-
tion, the well counter was verified weekly for counting reproducibility.
GFR was corrected for standard body surface area by multiplying the
measured value by 1.73 and dividing by the patient’s body surface area,
as estimated by the DuBois formula [24]. On the day of the 99mTc-DTPA
GFR measurement, patients were weighed; their height was measured, and
a blood sample was taken for serum cystatin C. Gender, race and age of
the patients were recorded.

GFR estimation

Estimated GFR (eGFR) was assessed by eight equations that used serum
cystatin C [7,8,10,11,25-27] (Table 1).

Statistical analyses

Statistical analysis was performed, and figures were made using Excel
2007 (Microsoft Corporation, Seattle, WA, USA) and SPSS for Win-
dows, release 13.0.1(SPSS Inc., Chicago, IL, USA). Multiple regres-
sions and Student’s ¢ statistics were used for evaluation of cystatin C
methods. Decisions on the significance of the various components
(slope, carry-over, nonlinearity or drift) were made by comparing t-va-
lues compared to the significance levels. Evaluation of the prediction
equations was performed by calculating the bias, precision and accuracy
as recommended in the National Kidney Foundation guidelines on
chronic kidney disease [28]. Bias was defined as the mean difference
between the mGFR (using 99mTc-DTPA) and eGFR [28]. Precision
was defined as the standard deviation (SD) of the difference between
the mGFR and eGFR [28]. Accuracy was defined as the percentage
of GFR estimates lying within 15%, 30% and 50% of the mGFR (using
99m Tc-DTPA) [28]. The analysis was repeated after stratifying patients
by eGFR (<60 and =60 ml/min per 1.73 m?). Pearson’s correlations
were used for comparisons between groups. Significance of differences
between means was calculated using #-tests. Accuracy calculations were
performed using an Excel spreadsheet. Medcalc software version 8.0
(Medcalc Software, Mariekerke, Belgium) was used for a Bland and
Altman analysis [29] to compare GFR estimates with mGFR. Systematic
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Fig. 1. Raw data difference plot of cystatin C data. One run on each of 6
days; (Day 2 declared an outlier day).

increases or decrease in the difference, assessed by increasing GFR, was
checked by inspection of the graph. The limits of agreement are given
by the mean + 1.96 SD, containing 95% of the values. For all analyses,
P < 0.05 was considered statistically significant.

Results

Performance evaluation

Imprecision data. For total imprecision estimates, bias
can be estimated by the difference between the observed
mean values and the assigned values at each concentration.
The bias in the low, mid, and high levels were 0.00, 0.01
and 0.03 mg/L, respectively, which was far lower than the
allowable goal for bias.

Linearity. The x-axis is the expected (labeled) concentra-
tion. The y-axis represents the observed difference between
the assay and reference. A zero difference line on the plot
was drawn for reference. Each individual point (15 at each
level) was plotted. The linearity of these data is shown in
Figure 1.

Analysis of the data for imprecision. According to the
standard based on biological variation, the total allowable
imprecision should be less than half of intra-individual
variation. Because intra-individual variation of cystatin C
is 13.3%, the allowable imprecision for cystatin C is 6.6%
[30]. The results in Table 2 show that the total coefficients
of variation were 5.63%, 2.21% and 1.66% in low, mid and
high levels, respectively, which were lower than the 6.6%
allowable range.

Correlation between cystatin C analysed on ProSpec and
Architect Aeroset. There was a strong correlation be-
tween cystatin C values analysed with Dade Behring and
Jingyuan reagents (R* = 0.997, Figure 2). Linear regres-
sion analysis showed a slope very close to 1.00 and an
intercept close to 0 [y = 0.957 x (error = 0.007) —
0.023(error = 0.022)]. The bias plot (Figure 3) displayed
a good agreement between the two methods within the
studied range but slightly lower values for the Jingyuan
reagent.
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Table 2. Calculation of Imprecision
Projects Low Mid  High
(R) Pooled within-run variance 0.002  0.004 0.006
(S) Variance of daily means 0.001 0.001 0.004
(7) Adjusted between-day variance, (S) — (R)/3  0.000 0.000 0.002
(U) Total variance, (R) + (1) 0.002  0.004 0.008
(V) Total standard deviation = /U 0.049 0.063 0.089
Grand mean value 0.87 285 535

(W) Total CV% = (V)/Grand mean value 100% 5.63  2.21 1.66

Because all days have the same number of data points, it is permissible to
simply take the mean within-run variance for all accepted runs at each
level. The data were calculated as the variance of daily means from data
for each level. Values <0 were set equal to zero.

CKD patient characteristics

Ninety-five patients with CKD were used in the final anal-
ysis, which included 54 males and 41 females. The average
age was 43.5 + 13.7 year. The average mGFR using
99mTc-DTPA was 43 + 27 ml/min per 1.73 m? with a
range of 6 to 112 ml/min per 1.73 m?. The mean, median
and range of the eGFRs with the different prediction quo-
tations are shown in Table 3.

Diagnostic performance of the equations for estimated

GFR

First, the overall diagnostic performance was compared
among equations | to 8. Linear regressions were made us-
ing eGFR against mGFR. The performance of the various
estimates of GFR is shown in Table 4 and Figure 4. The
Sjostrom (PETIA), Larsson (PETIA) and Filler (PENIA)
equations had the least bias (0.672, 1.483 and —2.284
ml/min per 1.73 m?, respectively). Equations 2 and 5 to
7 had similar accuracy and nearly 80% of the GFR esti-
mates were within 50% of the measured 99Tc-DTPA
GFR. Among the eight equations, the Filler (PENIA)
equation had the best precision (19.691), the highest per-
centage of values that fell within 30% of the true GFR
(55.8%) and the least bias.

Performances of the GFR equations when the estimat-
ed GFR was <60 or =60 ml/min per 1.73 m® are shown
in Table 5. None of the eight equations were accurate
when the eGFR was either above or below 60 ml/min
per 1.73 m®. Table 6 and Figure 5 show the dependent
relations between the eGFR and mGFR by comparing
the D-value and average of eGFR and mGFR. F tests
were performed when there was a demonstrated relation-
ship. When there was none, the Bland—Altman plot was
drawn to obtain the limits of agreement. Equations 1, 3, 4
and 6 had significant correlations between the eGFR and
mGFR, and F tests revealed statistical significance for
equations 1, 3 and 4, which suggested that eGFRs from
equations 1, 3 and 4 were inconsistent with mGFR. The
F test for estimation of equation 6 was not statistically
significant, suggesting that estimates from the Filler
equation were consistent with the mGFR. The Bland—
Altman plots for equations 2, 5, 7 and 8 showed that the
estimates from equations 2, 5, 7 and 8 were not consistent
with mGFR because the limits of agreement obtained
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Fig. 2. Correlation between patient samples analysed with Dade Behring
and Jingyuan reagents.

from the four equations were larger than the professional
boundary (60 mL/min/1.73 m?) of 30% [31].

Discussion

Before using a new method, kit or instrument for in vitro
diagnostic use, it is first necessary to make a test for ac-
ceptability. This initial performance check is neither a rig-
orous investigation into the long-term performance of the
method nor an evaluation of the many factors that can af-
fect results produced by the device. Here, we referred to
the NCCLS EP10-A2 document for evaluating serum cy-
statin C measurements using a particle-enhanced turbidi-
metric cystatin C kit by the Abbott Aeroset analyser. The
NCCLS EP10-A2 document describes a procedure for the
evaluation of linearity, proportional and constant bias, lin-
ear drift, sample carry-over and precision of these clinical
laboratory methods.

The validation report of the NCCLS EP10-A2 protocol
revealed that the total imprecision and bias is less than the

0.8
0.6
0.4
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024 "{’?‘?:ss $ 4,5 *6* 7 8 9
-04 . +

06
0.8

Difference Jingyuan-Dade
Behring, mg/L

+
Dade Behring, mg/L

Fig. 3. Bland—Altman bias plot for patient samples analyzed with Dade
Behring and Jingyuan reagents. The results are presented as the Dade
Behring results (x-axis) plotted against the difference between the two
methods (y-axis).

Y. Sun et al.
Table 3. Measured and estimated GFR

Mean Median Range

Measured values

%mTe-DTPA GFR 43 +27 33 6to 112
Estimates using cystatin C

Grubb 36 + 34 20 2to 125

Tan 38 + 28 30 3 to 105

Larsson(PETIA) 41 + 38 26 3 to 147

Sjostrom 42 + 40 30 -8 to 137

Hoek 37 +26 30 5to 99

Filler 45 + 31 35 8 to 121

Larsson(PENIA) 36 + 27 26 5 to 106

Rule 30 +24 22 410 92

allowance [30]. Linear drift or cross-contamination has lit-
tle influence on the results. Recently, particle-enhanced
turbidimetric cystatin C assays on other systems, such as
the Hitachi 917 analyser [32] and the Abbott ci8200 ana-
lyzer [33], have reported good performance and close cor-
relations with standard cystatin C assays. These findings
show that this method is suitable for in vitro measurement
of cystatin C in routine clinical laboratory testing.

To evaluate the diagnostic performance of the equations
for eGFR, 95 Chinese adult patients were consecutively re-
ferred to our hospital for determination of GFR by 99mTc-
DTPA clearance measurements during a 12-month period.
In this patient cohort with CKD, it is necessary to deter-
mine GFR using gold standard methods. We compared
GFR estimates of all patients using eight formulae based
only upon a single parameter, the cystatin C level in milli-
grams per liter, with the ‘true” GFR obtained by using in-
vasive 99mTc-DTPA clearance determinations.

Analysis of the data revealed that the eGFRs from the
eight cystatin C-based formulae were significantly corre-
lated with the ‘true’ mGFR. All eight cystatin C-based
GFR estimates showed underestimation or overestimation
of GFR when compared with GFR determined by 99mTc-
DTPA clearance. Accuracy was measured as the propor-
tion of patients with GFR estimates within the 15%,
30% and 50% intervals of the 99mTc-DTPA-based GFR.
Prediction accuracy of the five cystatin C-based formulas
did differ significantly. We found that the cystatin C-based
prediction equations of the Larsson (PETIA), Sjostrom
(PETIA) and Filler equations were more accurate at esti-
mating GFR than the other cystatin C-based equations in
CKD patients. Prediction accuracy was higher for the cy-
statin C-based estimates from the Larsson (PETIA), Sjos-
trém (PETIA) and Filler (PENIA) equations. Importantly,
among the eight equations, the Filler (PENIA) equation
has the best precision, the highest percentage of values that
fell within 30% of the true GFR and the least bias. How-
ever, none of the eight equations performed well at GFR
values above or below 60 ml/min per 1.73 m”. The Hoek
and Larsson equations were the most accurate and were
not significantly different from the mGFR when the eGFR
was = 60 ml/min per 1.73 m?. This represented a signifi-
cant advantage over the other cystatin C-based equations
where the accuracy was considerably lower at GFR values
above or below 60 ml/min per 1.73 m?.

220z 1snbny |z uo1senb Aq 2€€1L¥81/68% L/S/SZ/8I0E/ApU/WOo0 dno-ojwepeoe//:sdiy wolj pepeojumoq



Cystatin C assay and equations for estimating GFR in CKD 1493

S 2 s =% within 50%
) ﬁ = 90% === within 30%
58 2 8 % within 15%
o 3 S T
' *
ST = =l
o ﬁ%%‘j ggg ~ o en g L0 N
g | ~S=d =veS ZIxg| &
~ g _60%
I = £ &
S o = %)
Q< = @
< 2 he] o T R
| 2 . [} o o
o - o % <= =)
15 o~ =) = <
@ Q0 N> 0 o 5 300 S (ST PR ——
g | abmne avS waw | o °
< NSO ®wWnoS SO =]
— — IS Q
E 200/0 .. - ———. Sy ——
2 2
: 5 § -§D 0
=T 5
o~ .
n L =4 0% " i L " L 1 i i
! ) o ] . '
C\’vi N3 2 Grubb Tan Larsson-Sjdstrom Hoek Filler Larsson- Rule
. S % el & PETIA PENIA
.é) 3 g g $ ; ; S § ; g g Fig. 4. Accuracy of GFR prediction equations. Accuracy was defined as
-;é; the proportion of values that were within 15%, 30% or 50% of the
%\ =) measured (radiolabeled diethylenetriaminepentaacetic acid) GFR.
~ = I
e = In a previous study by Risch and Huber [34], GFR was
; ¢ 8 5 estimated using a single cystatin C-based equation. They
= — 7 .
<. | 3523 o2 g found that the eGFR from the cystatin C-based Larsson
18| 3532 222 232 2 equation yielded a bias of —4.7 ml/min per 1.73 m* and
S - ase 5 that 69% of estimates were within 30% of the mGFR,
9 a £ which represented findings that were superior to ours us-
N ad oz o ing CKD patients. These discrepant results are likely due
£ S % ) to different methods used to measure cystatin C and to es-
3 s 33 T E timate GFR. Larsson et al. [8] published two separate
2 Z|l2nds =98 _oo | E equations that estimated GFR according to the cystatin
= Sl y—-cc wues gSZ¥| B C assay that was used. In the paper by Risch and Huber
2 _ é [34], cystatin C was measured using the Dako turbidimet-
8 §G = s ric immunoassay, whereas we used a particle-enhanced
= PR = turbidimetric cystatin C kit on the Architect Aeroset Sys-
& g 2 § tem. Although Risch and Huber [34] found that the
g g| Lt L - E Dako-based Larsson equation was more accurate than
5 2| 888 88 «xo-| 3 the Larsson equation used in the present study, it was
13} < TS~ T3S wvowoa = . . . .
% = N R G far less accurate at estimating GFR than either the Filler
> ~ 5 or Le Bricon equations.
& 2 2 ; : e
& 3 T = 2 More recently, a high-profile group reported their find-
g se = | ings from 3418 CKD patients pooled from a collection of
E wg 2 . & research studies [35]. Using newly developed equations,
ks e own =ad z percentages of eGFR within 30% of mGFR for equations
< o~ o0 O (o] (=] (=) . . ..
& S| iSs g % M= g%olg B using serum cystatin C alone, serum creatinine alone or
S é both measurements, adjusted for age, sex and race, were
g S a2 e 81%, 83% and 89%, respectively. These findings indicat-
g *= = £ ed that an equation using serum cystatin C levels in com-
g = ] 3 bination with serum creatinine levels and that included
B - LS o * = age, sex, and race provides the most accurate estimates
[}
B E|E|%35% 288 gua| & . of GFR.
| B[S | TeS° o< dggn | < E g Although many have reported that cystatin C is indepen-
Q o .
g — & 2 € dent of factors such as age and weight, other groups have
< o= . . . . .
£ o & @ = reported contradictory findings [36]. In a study involving
% g - - Eéz 8058 patients from the Netherlands, Knight et al. [36]
& g 2 % % ok g showed that increasing age, male gender, increasing
g =5 3 i 2 < S g weight, current smoking and higher C-reactive protein le-
3 Ll & 2 S & E g0 3 vels were independently associated with a higher cystatin
< 2 g@ é e @ é’% g |2 ‘aé C concentration. These associations were independent of
= § 58 3 @:&: S g ER § § E é v renal function as measured by clearance of urinary creati-
p=1 o = Q — . . . .
= £ Exknm < Bk nine [36]. These findings suggest that cystatin C concen-

220z 1snbny |z uo1senb Aq 2€€1L¥81/68% L/S/SZ/8I0E/ApU/WOo0 dno-ojwepeoe//:sdiy wolj pepeojumoq



1494

Y. Sun et al.

Table 5. Bias, precision and accuracy of cystatin C estimates for patients with estimated GFR < 60 and = 60 ml/min per 1.73 m**

Accuracy
Bias:mean of difference

GFR estimates N (95% CI of lower, upper) Precision T-value 15% 30% 50%
PETIA method
Grubb

<60 72 14.34(11.23,17.46) 13.25 9.18%* 9.7 20.8 514

260 23 —16.62(—29.84,-3.40) 30.57 -2.60* 26.1 39.1 78.3
Tan

<60 69 7.51(4.39,10.63) 12.98 4.80%* 31.9 435 78.3

260 26 —4.02(—14.68,6.63) 26.39 -0.77 26.9 61.5 80.8
Larsson

<60 66 11.540(8.46,14.61) 12.51 7.49%* 12.1 34.8 62.1

260 29 —21.40(-32.85,-9.95) 30.10 —3.82%* 24.1 424 62.1
Sjostrom

<60 62 12.77(9.37,16.18) 13.42 7.49%* 11.3 22.6 51.6

260 33 —22.07(-31.59,~12.55) 26.84 —4.72%* 36.4 48.5 60.6
PENIA method
Hoek

<60 71 7.37(4.32,10.43) 12.91 4.81%* 26.8 45.1 77.5

=60 24 —0.82(—11.99,10.34) 26.45 —-0.15 41.7 58.3 79.2
Filler

<60 65 3.51(0.41,6.61) 12.51 2.26% 26.2 55.4 81.5

=60 30 —14.85(—24.53,-5.16) 25.93 —3.13%** 30.0 56.7 73.3
Larsson

<60 75 9.74(6.71,12.77) 13.16 6.41%* 24.0 40.0 76.0

260 20 —3.89(-17.30,9.52) 28.67 —-0.60 40.0 60.0 80.0
Rule

<60 82 14.32(11.09,17.55) 14.71 8.81%* 11.0 32.9 63.4

260 13 —1.54(—-17.25,14.16) 25.99 -0.21 38.5 76.9 84.6

“Bias was defined as the mean difference between measured (99Tc-DTPA) and estimated GFR; precision was defined as the SD of the difference
between measured (99Tc-DTPA) and estimated GFR. Both precision and bias were expressed as millilitre per minute per 1.73 m?; accuracy was defined
as the proportion of values that were within 15%, 30% or 50% of the measured (99Tc-DTPA) GFR.

*P < 0.05; **P < 0.01.

trations may be influenced by factors other than renal func-
tion. Although certain factors do influence cystatin C con-
centrations, Stevens et al. [35] developed an estimating
equation based on cystatin C using a pooled data set of
four studies comprising 3134 individuals with CKD and
found that age, sex and race coefficients were significant
but were substantially smaller than in the Modification of
Diet in Renal Disease Study equation. These factors
should be taken into consideration when interpreting the
present results.

Table 6. The relationship between bias GFR (average of estimated and
measured)

Bias(mGFR-eGFRi)
Means R Intercept Slope F test
Grubb -0.339 ™" 17.135 -0.285 8.151™"
Tan —0.06 - — —
Larsson(PETIA) —-0.475" 17.575 ~0.384 13.785™"
Sjostrom -0.540"" 18.934 —0.432 19.146™
Hoek 0.068 - - -
Filler -0.214" 4.458 —0.154 2.889
Larsson(PENIA) -0.019 - - -
Rule 0.190 - - -

Means = eGFR + mGFR/2*P < 0.05; **P < 0.01.

In general, we found that none of the eight equations
were ideal for estimating GFR in our population of CKD
patients. Many factors may have contributed to this result,
including the methods for measuring cystatin C, race and
sex. However, our population was not large enough to es-
tablish a new cystatin C-based equation that is appropriate
for GFR estimations in Chinese CKD patients. Massive
multiple-centre studies will be necessary to develop conve-
nient, precise and unified methods for measuring cystatin
C using cystatin C-based GFR estimation equations. Find-
ings from these studies may help in developing a more ac-
curate equation that includes race, sex, age, and other
factors.

Conclusions

In conclusion, measurement of cystatin C using a particle-
enhanced turbidimetric cystatin C kit on the Abbott Aero-
set analyser was acceptable for routine clinical laboratory
monitoring. These findings will help to evaluate the diag-
nostic performance of cystatin C in a wide range and low-
er cost. We recommended this method for measuring
cystatin C in future studies. However, we found that
GFR was not accurately estimated in Chinese CKD pa-
tients using the existing cystatin C-based prediction equa-
tions. For this patient population, further studies will be
needed to establish a more accurate cystatin C-based
GFR estimation equation.
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Fig. 5. The disagreement between estimated GFR and mGFR. Bland and Altman plot for differences between estimated GFR and measured GFR. The
average GFR is given on the x-axis, and the difference in milliliter per minute between the estimated GFR, derived from the cystatin C formula, is on the y-
axis (A. Tan; B. Hoek; C. Larsson using PENIA method; D. Rule). The mean difference (solid lines) and the 1.96 SD limits (dotted lines) are also plotted.
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Abstract

Background. Congenital anomalies of the kidney and uri-
nary tract (CAKUT) account for the majority of end-stage
renal disease in children (50%). Previous studies have
mapped autosomal dominant loci for CAKUT. We here re-
port a genome-wide search for linkage in a large pedigree
of Somalian descent containing eight affected individuals
with a non-syndromic form of CAKUT.

Methods. Clinical data and blood samples were obtained
from a Somalian family with eight individuals with CA-
KUT including high-grade vesicoureteral reflux and unilat-
eral renal agenesis. Total genome search for linkage was
performed using a SOK SNP Affymetric DNA microarray.
As neither parent is affected, the results of the SNP array
were analysed under recessive models of inheritance, with
and without the assumption of consanguinity.
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