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Abstract

Background

Chronic kidney disease (CKD) is a major issue in public healthprésalence has be
calculated using estimation of glomerular filtration rate (GHR the creatinine-base
equations developed in the Modified Diet in Renal Disease (MDRDB)Ghronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) study. Recenthy, @guations based eith
on cystatin C (CKD-EPI Cys) or both cystatin and creatinindD<EPI mix) have bee
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proposed by the CKD-EPI consortium. The aim of this study was to measurdehendié in



the prevalence of stage 3 CKD, defined as an estimated G&fhkn 60 mL/min/1.73 Tnin
a population using these four equations.

Methods

CKD screening was performed in the Province of Liege, BelgiumaQuwluntary basis,
people aged over 50 years have been screened. GFR was estim#tedfduy equations.
Stage 3 CKD was defined as a GFR less than 60 mL/min/.73 m

Results

The population screened consisted of 4189 people (47% were men, mean agg.cheir
mean serum creatinine and plasma cystatin C levels were @.24 ing/dL and 0.85 = 0.17
mg/L, respectively. The prevalence of CKD in this population utiegMDRD, the CKD;
EPI, the CKD-EPI Cys and the CKD-EPI mix equations was 13%, ,98%%0 and 5%,
respectively. The prevalence of CKD was significantly higivéh the creatinine-based
(MDRD and the CKD-EPI) equations compared to the new cystatin C-based equations.

Conclusions

-

Prevalence of CKD varies strongly depending on the method usetinmatesGFR. Suc
discrepancies are of importance and must be confirmed anaireegbloy additional studies,
notably by studies using GFR measured with a reference method.

Trial registration

B70720071509

Keywords

Creatinine, Cystatin C, Chronic kidney disease, Glomerular filtration rate

Background

Chronic kidney disease (CKD) is frequently presented as a malpdic health issue, because
a prevalence as high as 10% has been described in the general pomilat@stern
Countries [1,2]. In addition, CKD is associated with a high moytalgk [3-5]. In this
context, prevention and screening of CKD could be of importance, eveimitide proof of
the benefits of such CKD screening is still lacking [6-8]. Bsgescreening requires the use
of a diagnostic tool with high sensitivity and specificity. Measgithoth glomerular filtration
rate (GFR) and proteinuria are key elements to estimatglobal function of the kidneys
[9]. In this article, we will focus on the determination of GFRc&use measuring GFR may
be costly and cumbersome, several authors have proposed creatieidechastions to
improve GFR estimation. The Modified Diet in Renal Disease (MPRtudy and the
Chronic Kidney Disease Epidemiology Collaboration study (CKD-ERUlations are used to
estimate CKD prevalence in epidemiological studies [10,11]. ¥ample, according to the
National Health and Nutrition Examination Survey (NHANES) perfed in the USA, the
prevalence of stage 3 CKD (defined as an estimated GFRR(eléss than 60 mL/min/1.73



m®) was 6.3% and 7.8% using either the CKD-EPI or MDRD study equagspectively
[1,11]. However, there are several limitations to the use of seremtiine-based equations.
There are reasons to believe that both equations overestimataltiprereaalence of CKD
because they underestimate the measured GFR (mGFR) [12].

Plasma cystatin C is a relatively new marker of GFR. &iysC seems to have most of the
characteristics of a good biomarker of GFR [13-15]. Several ieggabased on plasma
cystatin C level have been created to estimate GFR [16]ei#mwthese equations have been
developed by the use of a limited sample of test subjects and hawepberly validated
[13,15]. There is also concern because of the lack of standardizédatiah for the
measurement of the plasma level of cystatin C [17-21]. Now,ralatdized calibration is
available [22] and the CKD-EPI consortium has recently proposed eqsiatbased on
cystatin C alone or combined with creatinine) to better esti@&ie@ [23]. It is thus now
possible to compare the prevalence of stage 3 CKD with the MBRDCKD-EPI study
equations to its prevalence based on the new cystatin C-based equeimaly, the CKD-
EPI based on cystatin C alone (CKD-EPI Cys) and CKD-EPI basedeatinine and cystatin
C (CKD-EPI mix).

Methods

This study was approved by the Ethics Committee of our Uniyekditspital (Comité
d’Ethique Hospitalo-Facultaire Universitaire de Liege). The Belgegistration number is
B70720071509This prospective study was performed in the context of the €ttBening
program organized by the Department of Health of the ProvinceegkLiThis province is
one of the ten provinces in Belgium. Its area is 3862 &nd its population in 2005 was
1,037,161 inhabitants. The CKD screening is enabled by a medical busateddé through
the 84 communes of the province. Between June 2008 and March 2010, 112,000 subjects
without any other restriction that being aged between 40 and 75wei@&snvited through a
personal letter to participate in a CKD screening. All individuabnting to voluntary
participate had to register and make an appointment by giving a palbne the Department
of Health of the Province of Liége. The time slot to visit theeing bus was from 9 am to
7.45 pm so that active working people could participate. We arbitraitgd our analysis to
subjects older than 50 years. All patients have signed informedntoBseod samples and
anthropometric data were collected and a short interview was dotweeddeJune 2008 and
March 2010, frozen blood samples were sent to the Clinical Chenagtoyatory of the
University of Liege where they were immediately thawed asdyasi. Serum creatinine was
measured by the IDMS traceable compensated Jaffe method (Regm®®ics, Mannheim,
Germany) on Modular apparatus. Cystatin C was measured by tizlepanhanced
nephelometric immunoassay (PENIA) on the BNIlI nephelometer isnHealthcare
Diagnostics, Marburg, Germany). The assay was not calibrajathsa the international
certified reference material ERM-DA471/IFCC for cystdfirbut values were multiplied by
1.11 as recommended by the manufacturer (customer notification Nova@b2010) to
convert them to ERM-DA471/IFCC—equivalent concentrations [22,24]. Our urersi
laboratory is currently accredited for the ISO 15189 Standard.

Diabetes mellitus was defined as glycosylated hemoglobirtegrédzan 48 mmoL/moL or
self-reported diabetes. Hypertension was defined as measystdicsblood pressure by
oscillometric method of 140 mm Hg or greater, diastolic blood pressu®0 mm Hg or
greater or self-reported hypertension. Smoking status was self-reported.



The four equations analyzed in the study are shown in (Additiondl:fil@ble S1). Stage 3
CKD was defined as eGFR less than 60 mL/min/1.78in

The data were anonymously analyzed. All results are expremsemean * SD. The
percentage of CKD patients obtained with the four equations was cminpath the
McNemar test (paired samples). Agreement or reliabilityveeh GFR estimations was
assessed by Cohen’s kappa statistics to discriminate GERtegrand less than 60
mL/min/1.73 nf (only two possible categories) [25]. A kappa value of 0.20 or less wa
considered slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderateeagreem
0.61-0.80, substantial agreement; and 0.81-1.00, almost perfect agreement. Wedctirepa
results of the four GFR estimations by paired sartyst. The validity between eGFR was
studied with estimation of the bias, SD (i.e. precision) and withaphgcal approach (i.e.
Bland et Altman) [26]. In these analyses, we have arbitrarilyerhdise creatinine-based
eqguation results as the reference value. Because no equationaarsiokered as the perfect
reference, we have only considered the absolute bias (with neither positivegative sign).
Bias between equations has been defined as the absolute meardiffeteaces. The SD
around the mean reflect the dispersion of the equations.

Because performance of the equations and epidemiology of CKD dir&knegn to be
influenced by age, we performed analyses according to 10 yearbragket. We also
repeated the analyses according to gender and diabetes status.

In subgroup analyses, we focused on discrepant results between the equationgréngardin
stage 3 CKD diagnosis (i.e. eGFR < 60 mL/min/1.7} @linical characteristics of
discrepant subjects were compared-bgst and Chi square test. In all statistical data, we
used p < 0.05 to determine statistical significance. All analyses wéogrped using
MedCalc® (MedCalc Software, Mariakerke, Belgium).

Results

During the study period, 4189 people were screened (47% male and B58%enw
Anthropometric, clinical and biological characteristics of the pdulaare shown in Table

1. By the paired samplegest, four equations were all different from each other (p < 0.0001).
Prevalence of different CKD stages is shown in Table 2. Prevat#frstage 3CKD (defined

as eGFR < 60 mL/min/1.73%mwhen GFR was estimated by the MDRD equation study was
13.1%. This prevalence was significantly higher than the prealentained with the CKD-
EPI (9.8%, p < 0.0001), the CKD Cys (4.7%, n = 198, p < 0.0001) and the CKDHEPI
(5%, n = 210, p < 0.0001) equations. Differences between the CKD-EPloeguah one
hand and the two other cystatin C-based equations on the other handIsveneerg
significant (p < 0.0001). On the contrary, no significant difference faasd between the
CKD-EPI Cys and the CKD-EPI mix equations.



Table 1 Anthropometrical and biological description of the population

N =4189 Mean SD Range
Age (years) 63 7 50-96
% men (%) 46.7
Weight (Kg) 75 15 31-156
Height (cm) 167 9 102-197
BMI (Kg/m?) 27 5 13-60
Diabetes (%) 11.9%
Hypertension (%) 47.2%
Current smoking 18.2%
Creatinine (mg/dL) 0.89 0.21
Cystatin C (mg/L) 0.85 0.17
MDRD (mL/min/1.73 m) 78 17
CKD-EPI (mL/min/1.73 rf) 81 15
CKD-EPI Cys (mL/min/1.73 /) 92 17
CKD-EPI mix (mL/min/1.73 ) 88 16

Data are expressed as mean = SD. Prevalence of CKD @eisv@ GFR less than 60
mL/min/1.73 nf) is expressed in %.

Table 2Prevalence (%) of CKD stages according to the equations used
MDRD CKD-EPI CKD-EPI Cys CKD-EPI Mix

All (n = 4189) 13 9.8 4.7 5
>90 mL/min/1.73 M 22.1 33 63.2 48.9
60-89 mL/min/1.73 M 64.8 57.2 32 46.1
30-59 mL/min/1.73 m 12.9 9.6 4.5 4.8
<30 mL/min/1.73 rf 0.2 0.3 0.2 0.2

Concordance analyses

Kappa statistics showed good agreement between the MDRD and €KBghations to
detect stage 3 CKLx(= 0.84). They also showed good agreement between the CKD-EPI Cys
and the CKD-EPI mix equations € 0.71). On the contrary, the kappa agreement range was
only moderate or fair between the two creatinine-based equationtherdo cystatin C-
based equationsk (between 0.32 and 0.59). All kappa results between equations are
summarized in Table 3.

Table 3Kappa coefficients between the equations. 95% confidence intervals atgosvn
between brackets

MDRD CKD-EP CKD-EPI Cys  CKD-EPI mix
MDRD XXXXXXXXX 0.84[0.81-0.86] 0.32[028-0.36] 0.48 [0.44-0.53]
CKD-EPI XXXXXXXXX  0.39 [0.33-0.44] 0.59 [0.55-0.64]
CKD-EPI Cys XXXXXXXXX  0.71[0.66-0.76]
CKD-EPI mix XXXXXXXXX

The Bland and Altman analyses are given in Figure 1. Once againiskbeta equation can
be considered as the perfect reference, we only considered thetalisas. In Table 4, the



bias (mean difference) and the SD around the bias are sumendrieelarger differences are
observed between the creatinine- and the cystatin C-based equatimngylaldifferences
between the MDRD and the CKD-EPI and between the CKD-EPhRGYSCKD-EPI mix are
lower.

Figure 1 Bland and Altman analysis between the MDRD study, the CKD-EPI, the CKDB
EPI Cys and the CKD-EPI mix equations.The continuous line represents the mean
difference between measured and estimated GFR, whereas the dashegpiesnt the
limits of agreement (mean difference + 2 SD). All values are exprassetd/imin/1.73 M.

Table 4 Absolute bias (mean difference) (bold) and precision (SD around thH®as)
(italic) between the equations

MDRD CKD-EPI CKD-EPI Cys  CKD-EPI mix
MDRD XXXXKXXXXX 5.8 16.3 9.8
CKD-EPI 3 XXXXKXXXXX 14.2 7.3
CKD-EPI Cys 14.3 11.3 XAXXXXXKXXX 7.2
CKD-EPI mix 9.6 6.6 4.7 XXXAXXXXXX

All data are expressed in mL/min/1.73.m

Subgroups analyses according to gender, diabeticastis and age

No difference was observed between stage 3 CKD prevalence accoodgender when
either CKD-EPI Cys or CKD-EPI mix were used (Additionakfil: Table S2). On the
contrary, the prevalence of stage 3 CKD was significantly higgheomen when the CKD-
EPI equation was used and even more when the MDRD study equation was considered.

We also calculated the prevalence of stage 3CKD in diabeiengatin these patients, the
prevalence with the MDRD, CKD-EPI, CKD-EPI Cys and CKD-HRix were 17.1%,
14.5%, 10.2% and 10.4%, respectively.

In Table 5 and Figure 2, we summarized the prevalence of 3tag® according to age. As
expected, the prevalence of CKD increased with age, regardléss equation used. The
prevalence of CKD showed a significant difference between e dreatinine-based
equations and the two cystatin C-based equations for all agesran@ept for those older
than 80 years. Whatever the age range, we observed no differeaneerbéte CKD-EPI Cys
and the CKD-EPI mix equations. On the contrary, difference of |mesa between the
MDRD and CKD-EPI equations was not significant in those older than 70 years.



Table 5Prevalence of CKD according to age (age ranges of 10 years) (in %)

Whole (n = 50-59 (n = 60-69 (n = 70-79 (n= 80-89 (n=
4208) 1455) 1812) 919) 21)
MDRD 13 6 * 12.9 * 23.7 47.6
CKD-EPI 9.8* 3.2* g * 20.8 47.6
CKD-EPI 4.7 % 1% 3.6* 12.1# 33.3
Cys
CKD-EPI 5 ** 0.8+ 4.4 % 12.1 % 38.1
miXx

*p < 0.05 compared with the MDRD,p < 0.05 compared with the CKD-EPlp < 0.05
compared with the CKD-EPI Cys.

Figure 2 Prevalence (in % with the 95% confidence interval) of CKD according to age
(X axis: 10 years age range) (Y axis: percentage).

Analysis of discrepant results

In Table 6, we showed the percentage of patients with discrepaits reeGFR > or < 60
mL/min/1.73 nf) according to the equation used. Discrepant results (3.3%, n = 140) were
observed between the MDRD and the CKD-EPI equations. In these tsulbjec MDRD-
based results were systematically indicating CKD whetkeasCKD-EPI equation results
were greater than 60 mL/min/1.73nComparable percentage of discrepancy (2.7%, n =
114) was observed between the CKD-EPI Cys and the CKD-EPI mixwhlt these
equations, the differences between positive and negative screemggateniform. Indeed,

in 45% of cases, the CKD-EPI Cys indicated stage 3 CKD whdte CKD-EPI mix result
was greater than 60 mL/min/1.73 mnd the opposite was observed in 55% of cases. The
highest percentage of discrepant results was observed betwédDRi2 and the CKD-EPI

Cys equations (11.3%, n = 473). An 8% discrepancy was observed betweaKDHePI

and the CKD-EPI Cys and between the MDRD and the CKD-EPI nhig. percentage of
discrepancies between CKD-EPI and CKD-EPI mix was intdiae at 5.5%. Regarding
these last comparisons, creatinine-based equations gave postilteafthough cystatin-C
based equations were reassuring for stage 3 CKD diagnosis in a majoritigofspat

Table 6 Percentage of discordant patients according to the two equations consigdr
MDRD CKD-EPI CKD-EPI Cys CKD-EPI mix
MDRD XXXXXXXXX
CKD-EPI 3.3% (99.98%)  XXXXXXXXX
CKD-EPICys 11.2% (87.1%) 8.29% (81.5%)  XXXXXXXXX
CKD-EPImix  8.63% (96.7%)  5.58% (92.8%) 2.71% (44.7%)  XXXXXXXXX

In the brackets is the percentage of patients, among these discpati@nts, yielding a
positive result (€GFR below 60 mL/min/1.73)nwhen the equation in the column is
considered (although the equation in the same line gives an eGHRRergthan 60
mL/min/1.73 ).

Table 7 summarized the possible combination of screening results. @onbinations were
not or very rarely (n < 10) found. For example, a positive sangenith the two cystatin C-
based equations, but not with the creatinine-based equations was foummad bhlgubjects.
The four equations yielded the same results (positive or negateensg) in 3702 cases



(89%). In 131 subjects, only the MDRD equation gave a positive screasaly, although
the three other equations indicated an eGFR greater than 60 mL/mimfL.C®mpared to
the whole population, these patients were more often women (23.7% 8%,
respectively) and were lighter and shorter. In 218 subjects, both MBIRDCKD-EPI
equations gave a positive screening result although the resuésegative for CKD when
using the CKD-EPI Cys and CKD-EPI mix equations. The mean &gleese discrepant
subjects was significantly higher compared to the whole populatios (6¥ersus 63 + 7
years old, respectively). Similarly, patients with positiveesning for all equations except
CKD-EPI Cys (n = 63) were older (68 £ 5 versus 63 + 7 years ageotively) and more
frequently women (28.6% versus 46.8%, respectively). Inversely, matmtit a positive
screening only for CKD-EPI Cys (n = 49) were older (68 + 7 uer83 £ 7 years old,
respectively) and heavier (BMI at 30 + 6 versus 27 + 5 kgfespectively).

Table 7 Characteristics of the subjects in the different subgroups

Whole MDRD>60 MDRD<60 MDRD<60 MDRD<60 MDRD<60 MDRiBO
CKD-EPI>60 CKD-EPI<60 CKD-EPI>60 CKD-EPI<60 CKD-E80 CKD-EPI>60
CKD-EPI Cys>60CKD-EPI Cys<60CKD-EPI Cys>60CKD-EPI Cys>60CKD-EPI Cys>60CKD-EPI Cys<60
CKD-EPI mix>60 CKD-EPI mix<60 CKD-EPI mix>60 CKD-EPI mix>60 CKD-EPI mix<60 CKD-EPI mix>60

N 4189 3573 129 131 218 63 49
Age (years) 63+7 62 £ 7* 71 £ 6* 63+7 67 £ 7* 8 f 5* 68+7*
Men (%) 46.7 48.2 48.1 23.7* 40.8 28.6* 46.9
Weight (Kg) 75+15 75+15 80 £17* 72 £14* 7514 77+12 82 + 20*
Height (cm) 167 +9 167 +9 166 £ 9 164 + 9* 166 = 165+8 166 =9
BMI (Kg/m?) 27+5 27+5 29 + 5* 27+4 27+4 28+4 30*6
Diabetes (%) 11.9 11.1 25.6* 8.4 11 22.2* 24.5%
HTA (%) 47.2 45.1 72.9* 50.4 51.4 63.5* 75.5*%

HTA is hypertension. *p < 0.05 compared to the whole population.

Discussion

Epidemiologic studies in Western countries have shown that prevalerstagef 3 CKD,
defined as a GFR less than 60 mL/min/1.73 im about 10% in the general population
[1,2,11,27]. But there are large differences between studies reg#ndiprevalence of CKD
which can be explained not only by the population characteristics,doublthe difference
in the method used to estimate GFR [2]. Most of the recent degablen obtained with the
MDRD study equation using a well calibrated serum creatirfii28[29]. However, the use
of this equation is not free from criticisms. We and others, hawsongtrated that this
eqguation tends to strongly underestimate GFR in healthy populations aredgemerally, in
patients with normal or near normal creatinine values [12,30,31]. Thu&etley’s group
has recently proposed a new equation, the CKD-EPI equation, whicpested to be better
especially in the higher GFR range (over 60 ml/min/1.78 mdeed, the CKD prevalence is
significantly lower according to the CKD-EPI equations for thespnt population cohort
than if the MDRD equation is used (9.8% versus 13%). Among the pasieneisned, 140
(3.3%) were classified as having stage 3 CKD with the MDRIdysequation but not with
the CKD-EPI equation. This is important from an epidemiological pafiriew. We have
thus confirmed that a higher prevalence of stage 3 CKD when theDViEgRation is used
[11,32-36]. The higher prevalence of stage 3 CKD found with the MDRBystquation
compared to the prevalence observed with the newer CKD-EPi@guay be explained by
the systematic underestimation of GFR obtained with thisdgsation, especially in women
[12,30,35,37]. Interestingly, we confirmed that difference between thRMBnd the CKD-
EPI equations seems to decrease with age, notably in subjeetstitdn 70 years [34-38].
These results may be explained by the performances of thegmaiions which have been



showed to be very similar (or at least less different) inrgidetients [39]. Indeed, it has
been shown that the MDRD equation yields systematically low&Refgsults (for a given
age and creatinine level) than the CKD-EPI equation except wetlgeold patient [35]. This
is confirmed by our own data showing that all patients presedistgepant results between
MDRD and CKD-EPI equations are actually positively screened bglythe MDRD
eguation, except in one patient who was the oldest of the sample (96 years old).

In their initial CKD-EPI article [11], Levey et al. have @lsompared prevalence of CKD in
the NHANES study. If we consider the same definition of CKD (dmalyed on eGFR), these
authors have found that prevalence of CKD in the NHANES study was 10M6P4he
CKD-EPI equation and 14.9% with the MDRD study equation (AppendixeT@loh [11]) in
subjects aged between 60 and 69 years. The discrepancies obisetween the two
equations are comparable to discrepancies observed in our study.

One can conclude that the performance of the CKD-EPI equataetéomine the prevalence
of CKD in epidemiological studies is better than the MDRDdgt equation [11,32].

However, this equation is not free from criticism. The CKD-EP#&blyt remains dependent
on the limitations of serum creatinine and its precision is imperiCystatin C is often

presented as a better marker of kidney function, especially beitausmcentration is less
influenced by muscular mass than serum creatinine [15]. New engsiabased on

standardized cystatin C have been recently proposed by the CKDeBBortium. These

equations have been built and internally validated from an impeesample (5592 subjects
in the developing dataset and 1119 in the validation dataset). The alg¢hwyestrated better
performance of the equations combining creatinine and cystatin Gacectto the CKD-EPI

equation [23]. Recent studies confirmed the good performances tfdheystatin C-based

equations in specific populations [24,40]. This better performanceassalpported by the
studies that show a better estimate of mortality risk whengusystatin C compared to
creatinine-based equations [41,42].

In our population of volunteers, the prevalence of stage 3 CKD is strdigglordant using
creatinine- or cystatin C-based equations. Indeed, if the prevale@i€D is as high as 13%
and 9.8% using the MDRD or the CKD-EPI study equations, the prevallhckecrease to
5%, for the equations based on cystatin C only or on cystatin C anichiceanterestingly,
the seminal study on the cystatin C-based equations publisheddyyet al. showed a better
performance of the CKD-EPI mix equation to estimate GFR [@3pur study, we found
however no difference in the prevalence of stage 3 CKD results betweenERERIKCys or
the CKD-EPI mix. This may be related to the way the authalibrated the cystatin C
measurement, which was not unquestionable. Also, the bias of the equatiloeisces the
epidemiologic results and we note that in the CKD-EPI studpléTa in [43]), bias of the
CKD-EPI Cys is similar to the bias of the CKD-EPI mix eiuain the range of interest for
the CKD screening (i.e. around 60 mL/min/1.73.m

In our cohort, when we considered the ability of each equation tatdéteD, kappa
statistics showed very good agreement=(0.84) between the CKD-EPI and the MDRD
equations. Agreement is still acceptable, even if lower Q.71), between the CKD-EPI Cys
and the CKD-EPI mix. However, agreement between CKD-EPI (oRBpDand CKD-EPI
Cys is low (0.39 and 0.32, respectively) although agreement islgligiter between CKD-
EPI (and MDRD) and the CKD-EPI mix equations (0.59 and 0.48, respgttividiese
results underlined the powerful value of each biomarker in thatieqs: more concordant
results between equations based exclusively on creatinine (MDRIDsVEKD-EPI), poor



concordant results between equations based on creatinine and on cystalyn(CKD-EPI
or MDRD versus CKD-EPI Cys), and intermediate concordanceltsesvhen the mix
equation is compared to others. Better concordance between the EK&nE the two new
cystatin C-based equations compared to the MDRD study equatitsoiprobably explained
by the mathematical construction of the equation (different expapglied to creatinine
according to creatinine level) and by the fact that the MDd&lly equation has been
developed on a very different sample [44] although the three otheriguaiave been
developed from comparable cohorts [11,23].

Bias and precision results must be interpreted with caution in todly.sindeed, the
systematic difference between the MDRD and the CKD-Hjlagons seems low (3
mL/min/1.73 nf). It can be suggested from Figure 1 that this bias is howevedegsndent
on the GFR level. The systematic difference between the Ml the CKD-EPI equations
increases with increasing GFR values especially at hijlesaComparing the three CKD-
EPI equations, we also found a positive correlation between theeditk in equations and
the mean of the two equations, which means that the differensesdneequations slightly
increase with eGFR levels. This correlation is however |16vbétween 0.02 and 0.04, p <
0.001) and linear although a clear non linear relationship with a knepgam around X =
80 mL/min/1.73 rfi does exist when MDRD is compared to CKD-EPI and CKD-EPI. Mix
This fact also means that discrepancies between the MDREhar€@KD-EPI are systematic
and almost in the same direction, i.e. MDRD giving a positiveesang result and CKD-EPI
giving a negative one. Such a systematic deduction cannot be denedvgkarepancies are
found between the CKD-EPI Cys and the CKD-EPI mix equations.

The prevalence of stage 3 CKD may be higher in women if the-ERI, and especially if
the MDRD study equation is used [2,11]. Contrary to the CKD-EPIth@dVIDRD study
eqguations, the prevalence of stage 3 CKD with the cystatin GHeagation< is the same
in both men and women. In the absence of mMGFR, this discrepancsuits reccording to
gender cannot be explained. Regarding the underestimation of women’syGR& MDRD
equation [30], the higher prevalence of stage 3 CKD in women musttdrgreted with
caution. Differences in prevalence of CKD according to geontiserved between the three
CKD-EPI equations deserve further studies.

Diabetes is a well-known risk factor associated with CKD. #seeted, CKD prevalence
was higher in diabetic patients than in non-diabetic patients. Ititglgs the difference
between the prevalences with creatinine-based versus thercygstatised equations appears
less important than in the general population. Once again, in the alideneasured GFR,
we can only describe such differences. Moreover, we must bellcarelur interpretation of
this result, as diabetic patients have also different clinttatacteristics than non-diabetics,
like a higher mean BMI.

CKD prevalence is also greatly influenced by age. As exgeute observed an increasing
prevalence of stage 3 CKD according to age [2,23,37,45,46]. At everyaage, the
prevalence of stage 3 CKD remains significantly lower with@KD-EPI Cys and the CKD-
EPI mix, except in the higher age category but results mustdypreted with caution due to
the low sample number.

It is useful to analyze the characteristics of patient$ wliscrepant results. Generally,
concordant results for the 4 equations were found in 3702 subjects (88%).bHsed our
CKD definition on eGFR less than 60 mL/min/1.73with all four equations, the prevalence



of stage 3 CKD would be 3.1%. Our first comment must be emphasa&zquerfect
concordance between all four equations does not necessarily medmetiha@sults of these
equations are correct. Indeed, in the absence of mGFR, it repassile that all four
equations misclassified the patients. The same argument mugpledan the following
discussion on discrepant subjects. In 131 subjects, the discrepantisetiudt positive
screening with the MDRD study equation. As already discusse®, ighéttle doubt that the
MDRD effectively underestimates GFR and thus yields a subaltgmportion of false
positive screening results. The most numerous discrepant patieritsoae with a positive
screening result with the creatinine-based equations (MDRDGCKId-EPI) but with a
negative screening result with the two cystatin C-based equalibese 218 patients are
slightly older compared to the general population (67 + 7 y versus 63.1Bgause mGFR
is not really known, such a discrepancy remains difficult to @xpkowever, this last result
could be interpreted in the light of recent studies suggestinghnabmbined creatinine and
cystatin-C based equations better estimate GFR in the ekldyjgct [24,45]. Moreover, it
must be underlined that the proportion of diabetic and hypertensive suvgthe same in
the whole population. The positive screening result using cystatirs€dbeguations could
thus be the most accurate, especially in the elderly [46]. In &hmtthe CKD-EPI Cys was
the only one to give a negative screening result. These subjeasslightly older and more
often women (71.4%). On the contrary, the CKD-EPI Cys is the only iegquit give a
positive screening result in 49 subjects. These subjects wereasldenad a higher BMI.
Once again, in the absence of mGFR, we can only note the discespasttbout asserting
which equation actually gives the better results. The possible no#uef body mass index
on cystatin C levels deserves future study [47]. Further studiescturally important in these
discrepant patients who are also more frequently hypertensive and diabetic.

There are several limitations to our study. First, the maiitdimn is linked to the fact that
we have not measured GFR with a reference method. Thereforejfeve have indirect
arguments to affirm that the CKD-EPI and MDRD equations overast the prevalence of
CKD, such an assertion is conclusive only if a reference methogdsure GFR is used. In
our cohort, we can only identify clinical characteristics of igant patients. In the same
vein, our Jaffe assay has lesser precision than enzymadigsasdthough IDMS traceable
Second, our population may not be representative of the Belgian populatiasderdy
volunteers were included. We actually noted a higher proportion of hgpieneand diabetes
than expected in the general population. Therefore, our results agematlly applicable
for epidemiological considerations but more of an illustration of patetiscrepancies in the
CKD epidemiology due to difference in estimating GFR [21,32]. Thugl have no data on
the ethnicity. As the ethnicity factor for each equation isedffit, this could be source of
bias. But in the Province of Liege, Caucasians are by far thendamithnic group.
Therefore, it is doubtful that the differences observed in our sitelylue to ethnic factors.
Fourth, as in several epidemiological studies, our subjects have stshdaly one time. A
strict definition of CKD requires that two or three samples ioonthe first result after at
least three months [9]. With this correct definition, CKD prevaewould likely still be
lower [48-52]. Last, we have defined stage 3 CKD as a GFRthes 60 mL/min/1.73 fn
The definition of CKD is however subject to debate and we have reagmndktioned this
definition, notably in elderly population [31,37,46].

Conclusions

The present study has illustrated large discrepancies foprthalence of stage 3 CKD
according to the biomarker used to estimate the GFR. Moving $toatly creatinine-based



equations (MDRD or CKD-EPI) to cystatin C-based or combined equatidhslecrease
prevalence of stage 3 CKD by half, which is highly signifidaotn an epidemiological point
of view. Additional studies are thus necessary before asseréigqiaw the true prevalence
of CKD in the general population.
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