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Abstract

Purpose: In 2021, the CKD-EPI-creatinine and CKD-
EPI-creatinine-cystatin-C =~ combined equations were
revised again by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) and the National
Institute of Diabetes & Digestive and Kidney Diseases
(NIDDK) and it was reported that its accuracy was
increased. The main object of this study is to compare the
diagnostic accuracy and performance of 2009 CKD-EPI
eGFRecr, 2012 CKD-EPI eGFRCysC, 2012 CKD-EPI
eGFRcr-CysC, MDRD, and revised 2021 CKD-EPI to
provide a better estimation.

Materials and Methods: The study design was
prospective. The sample consisted of 111 CKD patients
and 35 healthy individuals who applied to the nephrology
clinic. All participants were evaluated by a nephrologist.
The participants were divided into study groups according
to their KDIGO classification. Five vatiables wete used:
age, race, gender, serum creatinine, and serum cystatin-C.
Results: 2012 CKD-EPI eGFR cystatin-C out performed
existing equations in terms of accuracy, specificity, and
sensitivity  (AUC:0.988).  Furthermore, when both
creatinine and cystatin-C are included in an equation, it
consistently improves diagnostic values over formulas
containing only creatinine (2009CKD-EPI eGFRer
AUC:0.953, 2012CKD-EPI eGFRcr-CysC AUC: 0.985,
2021CKD-EPI eGFRcr AUC:0.954, MDRD AUC: 0.953,
2021CKD-EPI eGFRcr-CysC AUC: 0.985).

Conclusion: The new formula has not been confirmed to
be superior to other equations in its ability to estimate
eGFR values, particularly at higher levels of chronic kidney
disease. When compared with existing equations, 2012
CKD-EPI eGFRCysC had higher specificity and

Oz

Amag: 2021 yilinda Kronik Bobrek  Hastaligs
Epidemiyoloji ~ Isbirligi ~ (CKD-EPI)  ve  Ulusal
Diyabet&Sindirim ve Bobrek Hastaliklar1  Enstitiisti

(NIDDK) tarafindan CKD-EPI-kreatinin ve CKD-EPI-
kreatinin-sistatin-C  kombine formili yeniden revize
edilmis ve dogrulugunun arttirldigr bildirilmistir. Bu
calismanin temel amact daha iyi bir 6ngérii saglamak icin
2009 CKD-EPI eGFRcr, 2012 CKD-EPI eGFRCysC,
2012 CKD-EPI eGFRcr-CysC, MDRD ve revize edilmis
2021 CKD-EPI'nin tamsal dogruluk ve performansint
kargtlastirmaktir.

Gere¢ ve Yontem: Calisma prospektifti.
Orneklem, nefroloji klinigine basvuran 111 KBH hastast
ve 35 saglikli bireyden olusmaktaydr. Ttm katilimeilar bir
nefrolog tarafindan degerlendirildi. Katiimeiar KDIGO
siniflandirmalarina gére calisma gruplarina ayrilmustir. Yas,
ik, cinsiyet, serum kreatinin ve serum sistatin-C olmak
tizere bes degisken kullanilmustir.

Bulgular: 2012 CKD-EPI eGFR sistatin-C, dogruluk,
Ozgillik ve duyarlilik acisindan mevcut denklemlerden
daha iyi performans gésterdi (AUC:0.988). Revize edilmis
2021 CKD-EPI denklemleriyle karsilastirildiginda, eGFR
sistatin-c, ¢ performans metriginin hepsinde strekli
olarak daha iyi performans gésterdi. Ayrica, bir denkleme
hem kreatinin hem de sistatin-C dahil edildiginde, yalnizca
kreatinin iceren formiillere gore tanisal degerleri tutarls bir
sekilde iyilestirir (2009CKD-EPI eGFRcr AUC:0.953,
2012CKD-EPI eGFRer-CysC AUC: 0.985, 2021CKD-
EPI eGFRcr AUC:0.954, MDRD AUC: 0.953, 2021CKD-
EPI eGFRer-CysC AUC: 0.985).

Sonug: Yeni formilin, &zellikle daha yiksek kronik
bébrek hastaligt seviyelerinde eGFR degerlerini 6ngérme
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sensitivity. Combined formulas containing both blood
tests had higher diagnostic values than equations
containing only creatinine. Our results can help inform
which equations to use for better estimation in renal
function screening.

Keywords:. eGFR, Ckd-Epi, renal disease, cystatin C,
creatinine

INTRODUCTION

It is estimated that the number of people suffering
from kidney disease will increase enormously and it
will become one of the leading causes of death by
2040. Global chronic kidney disease (CKD) is a major
cause of death. Despite many studies in this field, the
prevalence of CKD continues to increase in many
developed countries, and one of the important
problems is early diagnosis and preventing the
progression of kidney disease!>?. Although it requires
a multifaceted approach, one of the most important
factors is the accurate measurement of kidney
function®. One of the most important factors in
diagnosing, staging, and managing CKD is ¢GFR,
which means estimated glomerular filtration rate.
eGFR is an expression explaining how quickly our
kidneys filter the blood. eGFR estimates the
functional capacity of our kidneys and is used to test
kidney damage*. However, there is not always a
consensus on this calculation method.

Cutrrently, creatinine is the most widely used indicator
to determine eGFR. It is practical and cost-effective.
This method has become common for measuring
kidney health worldwide, however it has some
drawbacks® ©. Since creatinine is produced by muscle
activity, it should not be used as the sole basis for
estimating eGFR. It should be taken into account that
the relationship and interaction between variables
such as muscle mass, diet, age, race, gender, and
creatinine may affect the clinical decision and lead to
errors*>7. Alternatively, it has been well documented
in studies that the diagnostic accuracy of cystatin-c is
highly correlated with inulin and iothalamate and is
higher than that of creatinine>’. However, if cystatin-
c testing cannot be performed due to cost or other
factors, eGFR calculation should be made with the
most accurate and precise equation. In this way, the
bias of pathophysiological factors such as muscle,
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yetenegi bakimindan diger denklemlerden ustin oldugu
dogrulanmamistir. Meveut denklemler karsilastirildiginda
2012 CKD-EPI eGFRCysC daha yiiksek o6zgilliige ve
duyatliliga sahipti. Her iki kan testini iceren bitlesik
formiller, sadece kreatinin iceren denklemlerden daha
yiksek tanisal degerlerine sahipti. Sonuglarimiz, bébrek
fonksiyon taramasinda daha iyi tahmin icin hangi
denklemlerin  kullanilacagt konusunda bilgi vermede
yardimet olabilir.

Anahtar kelimeler: Glomerular filtrasyon hizi, Ckd-Epi,
kronik bobrek hastaligy, sistatin C, kreatinin

race, gender, and diet, which affect creatinine, is
reduced®.

The most common method for measuring eGFR
wotldwide is to calculate eGFR by the CKD-EPI
[Chronic Kidney Disease Epidemiology
Collaboration] and MDRD [Modification of Diet in
Renal Disease] equations, which are based on the
serum creatinine measurement (Table 4)811. In 2021,
the CKD-EPI-Creatinine-Cystatin-C equation was
revised again and it was reported that its accuracy
increased by the Chronic Kidney Disease
Epidemiology Collaboration and the National
Institute of Diabetes & Digestive and Kidney
Diseases (NIDDK)'!. In the study published by the
researchers, the data of 13.000 white and black
patients at different stages were used and this data set
was used during the development of the CKD-EPI
equation in a population of patients with varying
degrees of renal impairment. In the new equation,
racial difference is especially emphasized'2.

The main object of this study is to compare the
diagnostic accuracy and performance of the current
2009 CKD-EPI eGFRcr, 2012 CKD-EPI eGFRect-
CysC, 2012 CKD-EPI eGFRCysC, 2021 CKD-EPI
eGFRcr, MDRD and revised 2021 CKD-EPI
eGFRcr-CysC equations to provide guidance on their
better utilization.

MATERIALS AND METHODS

The study design was prospective and the study
duration was one year. 111 chronic kidney patients
and 35 healthy controls were included in this study,
and it was conducted under the supervision of Sisli
Hamidiye Etfal Training and Research Hospital
Nephrology Clinic. Of the 146 participants examined
in this study, 72 (49.3%) were female and 74 (50.7%)
were male.
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Initially, 138 patients were examined, then 27 patients
were excluded due to reasons such as dialysis,
hyperthyroidism, drug use, and age. The study was
conducted in accordance with the guidelines of the
Helsinki Declaration. The study protocol was
approved by the Sisli Hamidiye Etfal Training and
Research Hospital Ethics Committee (Ethics code
774). Written informed consent was obtained from
all participants.

In the Nephrology Clinic of S$isli Hamidiye Etfal
Training and Research Hospital, the participants were
evaluated for chronic kidney disease according to the
KDIGO criteria. All participants were evaluated by a
nephrologist. The participants were divided into
study groups according to KDIGO classification.
The study included patients over 18 years of age who
did not have a kidney transplant, heart disease,
thyroid dysfunction, chemotherapy, were not on
dialysis (two types of renal replacement therapy), and
had a creatinine level above 97 pmol/L (a matker of
renal failure).

Sample

Patients with  liver disease, heart failure,
hypothyroidism, or hyperthyroidism, cardiac causes,
inflaimmation, immunosuppressive therapy, organ
transplantation, and peritoneal dialysis patients were
excluded from the study. The control group was
selected from healthy volunteers who do not have
personal or family history of the disease.

Cystatin C levels were measured using a commercial
kit (Siemens Systems) following the manufacturer's
instructions. The intra- and inter-assay coefficients of
variation were at least 4.3% and 7.1%, and at most
5.3% and 7.9%, respectively. The lower detection
limit was 0.65 mg/L.

A power analysis has been performed. The sample
size was calculated to be 111, predicting that the
medium effect size would be statistically significant in
the correlation between the calculated values.

Procedure

The blood samples were taken from both control and
patient groups in BD Vacutainer tubes. The blood
samples of the patient group were centrifuged at 4000
g for 10 minutes, and creatinine levels were analyzed
on the same day. The samples were stored at -80 °C
for subsequent Cystatin C analysis. The sera were
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thawed before analysis by being stored at -80°C, -
20°C, 2-8°C, and room temperatute, tespectively.

Laboratory analysis

Cystatin C levels were measured by particle amplified
immunonephelometry (Dade Behring, Germany)
using the BNProSpec plasma protein analyzer with
N-latex ~ Cystatin =~ C (ERM-DA471/1IFCC-
standardized) reagents. Serum creatinine levels were
measured by the colorimetric-Jaffe method using
original Roche reagents on the Cobas c¢ 501
instruments (Roche Diagnostic, Germany).

Statistical analysis

Data were analyzed using the open-source statistical
software Jamovi 1.6.23 (Sydney, Australia) and
MedCalc 20.112 (Belgium). Descriptive statistics
were given as and percentages for
categorical variables, and median and interquartile
range (IQR) for numerical variables. The Shapiro-
Wilk test was used to determine the data’s conformity
to the normal distribution. An independent T-test
was used to evaluate the normally distributed
variables. Categorical variables showed normal
distribution. Since the numerical variables did not
the distribution two
independent groups were compared by using the
Mann-Whitney U test. The relationship between the
numerical variables was examined by Spearman
correlation analysis as they did not meet the
parametric test conditions. The difference between
the means of the equations was analyzed with One-
Way ANOVA. For non-parametric tests, the
Kruskal-Wallis H test and then Post-Hoc test were
performed. To determine the difference between the
groups, the multiple comparison Post-Hoc test
(Dwass-Steel-Critchlow-Fligner pairwise
comparisons) was used. MedCalc program was used
to produce the ROC curves and the box plots. The
specificity, sensitivity, and accuracy were investigated
by ROC curve analysis. Differences between the two
groups were considered significant at a p-value <
0.05.

numbers

meet normal condition,

RESULTS

Table 1 shows the main demographic findings of 111
patients and 35 controls. The patients and the control
group were similar in terms of gender.
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Table 1. Demographic characteristics of the patient group and control group.

| Patient Group Control Group
MeantSD Min-Max MeantSD Min-Max P*
Age 621+14.4 18-88 57£14.9 20£83 0.001
n % n %
Gender Female 49 544 23 65.5
Male 62 55.6 12 34.5

Min: minumum, Max: maximum, SD: standart sapma, Significant p < 0.05*

A comparison of the serum creatinine, cystatin-C,  All eGFR estimates obtained by different equations
and estimated glomerular filtration rate (eGFR) levels ~ were determined to be significantly different in the
between the patient group with diabetes and the  patient group and the control group (Figure 1, Table
control group revealed statistically significant  2).

differences (Table 2).

Table 2. Comparison of 2021 CKD-EPI eEGFRct-cys, 2021 CKD-EPI eEGFRcr, 2009 CKD-EPI eEGFRcr, 2012
CKD-EPI eEGFRctr-cys, 2012 CKD-EPI eEGFRcys and MDRD in patient and control groups

Patient Group Control Group P*
Median IQR Median IQR
Creatinine 1.45 1.29 0.72 0.12 <0.001
Cystatin C 191 1.45 0.90 0.14 <0.001
2009 CKD-EPI Creatinine e-GFR 45.70 37.30 93.80 19.40 0.003
2012 CKD-EPI Cystatin C e-GFR 29.90 28.40 85.69 21.10 <0.001
2012 CKD-EPI Creatinine-Cystatin C GFR 35.98 32.40 91.30 22.16 0.002
2021 CKD-EPI Creatinine e-GFR 49.00 39.20 99.00 18.70 0.004
2021 CKD-EPI Creatinin-Cystatin C eGFR 37.20 33.50 95.10 23.30 0.002
MDRD e-GFR 43.90 32.90 92.40 33.00 0.015

e-GFR: Estimated glomerular filtration rate, IQR: Interquartile range, CKID-EPI: Chronic Kidney Disease Epidemiology Collaboration,
MDRD: Modification of Diet in Renal Disease, P: alpha significance p< 0.05*

&

Figure 1. Intensity distribution plot in patient and control groups.

CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration, MDRD: Modification of Diet in Renal Disease, Grey:Control group,
Black:Patient group.
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Table 3. Comparison of the difference between the One-Way ANOVA (Non-parametric) test and the mean of

GFR equations in the patient and control group

Kruskal-Wallis X df p
2009 CKD-EPI Creatinine
2021 CKD-EPI Creatinine
2012 CKD-EPI Cystatin C 15.5 5 0.008
2012 CKD-EPI Creatinine-Cystatin C
2021 CKD-EPI Creatinine-Cystatin C
MDRD
Post-Hoc Test (Dwass-Steel-Critchlow-Fligner pairwise comparisons)
W »
2009 CKD-EPI Creatinine 2012 CKD-EPI Creatinine-Cystatin C -2.127 0.662
2009 CKD-EPI Creatinine 2012 CKD-EPI Cystatin C -3.982 0.055
2009 CKD-EPI Creatinine 2021 CKD-EPI Creatinine 1.225 0.955
2009 CKD-EPI Creatinine 2021 CKD-EPI Creatinine-Cystatin C -1.584 0.873
2009 CKD-EPI Creatinine ~ MDRD -0.791 0.994
2012 CKD-EPI Creatinine-Cystatin C 2012 CKD-EPI Cystatin C -1.836 0.786
2012 CKD-EPI Creatinine-Cystatin C 2021 CKD-EPI Creatinine 3.123 0.234
2012 CKD-EPI Creatinine-Cystatin C 2021 CKD-EPI Creatinine- 0.651 0.997
Cystatin C
2012 CKD-EPI Creatinine-Cystatin C ~ MDRD 1.479 0.902
2012 CKD-EPI Cystatin C 2021 CKD-EPI Creatinine 4.996 0.006
2012 CKD-EPI Cystatin C 2021 CKD-EPI Creatinine-Cystatin C 2.312 0.576
2012 CKD-EPI Cystatin C  MDRD 3.277 0.187
2021 CKD-EPI Creatinine 2021 CKD-EPI Creatinine-Cystatin C -2.601 0.441
2021 CKD-EPI Creatinine  MDRD -1.866 0.775
2021 CKD-EPI Creatinine-Cystatin C  MDRD 0.926 0.987

Note. X2: Asymptotic significance, df: Degrees of freedom, w: P: Alpha significance p < 0.05*
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Figure 2. Sensitivity, specificity, and area under ROC curves for equation diagnostic value estimation.
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Figure 3. Heatmap of spearman correlation coefficients between 2021 CKD-EPI eEGFR Creatinine-Cystatin
C and 2012 CKD-EPI eEGFR Cystatin C Levels.

Table 4. Comparison of the different CKD-EPI and MDRD GFR equations

Equations

CKD-EPI Creatinine Equation (2009)

GFR = 141 X min(Scr/x, 1) X max(Scr/x%, 1)-1.209 X 0.993Age X 1.018 [if female] _ 1.159 [if black]

CKD-EPI Cystatin C Equation (2012)
¢GFR =133 x min(Scys/0.8, 1)-0.499 x max (Scys/0.8, 1)-1.328 x 0.996Age x 0.932 [if female]

CKD-EPI Creatinine-Cystatin Equation (2012)
¢GFR =135 X min(Sct/x, 1) X max(Sct/x, 1)—0.601 X min(Scys/0.8, 1)—0.375 X max(Scys/0.8, 1)—0.711 X
0.995Age [ X 0.969 if female] [X 1.08 if black]

CKD-EPI Creatinine Equation (2021)
e¢GFRer = 142 x min(Scr/x, 1)o x max(Scr/x, 1)-1.200 x 0.9938Age x 1.012 [if female]

CKD-EPI Creatinine-Cystatin Equation (2021)
e¢GFRet-cys = 135 x min(Scr/x%, 1)a x max(Sct/x, 1)-0.544 x min(Scys/0.8, 1)-0.323 x max(Scys/0.8, 1)-0.778 x
0.9961Age x 0.963 [if female]

MDRD Study Equation

eGFR = 175 x (SCx)-1.154 x (age)-0.203 x 0.742 [if female]| x 1.212 [if Black]
Note. e-GFR: Estimated glomerular filtration rate, CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration, MDRD: Modification
of Diet in Renal Disease , Scr:Serum creatinine, Min: minimum, Max: maximum, Scys: Serum cystatin C, »: kappa factor, «: alfa factor.

1528



Cilt/Volume 47 Yil/Year 2022

In the Post-Hoc (Pairwise comparisons) analysis, a
statistically significant difference was found between
the 2012 CKD-EPI cystatin C and 2021 CKD-EPI
creatinine equations (w: 4.996, p: 0.006) (Table 3).

2012 CKD-EPI eGFR cystatin-C outperformed
existing equations in terms of accuracy, specificity,
and sensitivity (Figure 2). Compared to the revised
2021 CKD-EPI equations, the performance of eGFR
cystatin-C was consistently better on all three
performance metrics. Furthermore, when both
creatinine and cystatin-C are included in an equation,
it consistently improves diagnostic values over
formulas containing only creatinine (Figure 2-3).

DISCUSSION

In 2021, the CKD-EPI estimation equation was
revised again by KDIGO and NIDDK for estimating
the estimated glomerular filtration rate (eGFR), and
it was reported that its diagnostic accuracy was
increased 2. In the study published by the
researchers, the data of 13.000 white and black
patients at different stages were used and this data set
was used during the development of the CKD-EPI
equation in a population of patients with varying
degrees of renal impairment. As a result, it was stated
that the new 2021 CKD-EPI eGFRcr-CysC equation
outperforms the existing single-parameter equation.
They suggested that the new algorithm reduces the
margin of error in the black race when compared to
the previous equations and that the new combined
formula should be used in the general population!?.
There are different opinions in recent studies!*16. In
the study of Eneanya et al,, it was reported that race
is a social structure, not a biological one, as in the
2021 CKD-EPI equation, and this variable should
not be used in the estimation of renal function'4. In
the study of Hsu et al., creatinine and cystatin values
were used without using the race feature in the
MDRD equation, and this has a similar approach to
the 2021 CKD-EPI. While it was stated that some
deviations in creatinine can be related to race and
genotype, it was stated that cystatin-c was not
affected by race and it should be used. Different
results were obtained between creatinine and cystatin
depending on the renal staging, race, and age group
in the population used. However, the diagnostic
accuracy rates in the current eGFR estimation
equations vary depending on the stage and especially
the age group!s.

Our results in the study did not confirm that the new
formula is superior to other equations in terms of its

Diagnostic performances of five different eGFR equations

ability to estimate eGFR values, especially at higher
levels of chronic kidney disease. However, the 2012
CKD-EPI eGFR cystatin-c was found to have higher
accuracy, specificity, and sensitivity compared to the
existing equations (Figure 2). When compared to the
revised 2021 CKD-EPI equations, it is consistently
better on all three performance indicators (Figure 2).
We found that combined formulas containing both
blood tests had higher diagnostic values than
equations containing only creatinine. Therefore, the
combined formulas of 2012 CKD-EPI-creatinine-
cystatin-C and 2021 CKD-EPI-creatinine-cystatin-c
can be considered as an improvement over existing
creatinine equations. This also indirectly sheds light
on the role of cystatin-c in improving eGFR
estimation. The possible reason for the higher
diagnostic value of cystatin-c may be that it is less
affected by factors such as muscle mass, age, and diet.
This is especially important in the accurate
determination of renal function in the eldetly!>13. In
our previous studies and the literature, it has been
shown that the decrease in renal function can be
detected earlier and faster using cystatin-c-based
eGFR estimates in the elderly than using creatinine-
based estimates!>-18.

Although methods containing creatinine have
become common for measuring kidney health
wortldwide, they have several shortcomings. Since
creatinine is produced by muscle activity, it can be
misleading to use it as the sole basis for estimating
eGFR. It should be taken into account that the
relationship and interaction between variables such as
muscle mass, diet, age, gender, and creatinine may
affect the clinical decision and lead to errors™ . In
addition, drugs used (trimethoprim,
cimetidine, etc.) cause an increase in creatinine in the
blood by blocking creatinine secretion in distal
tubules, although it indirectly causes a low eGFR, the
renal function does not change!.

various

The search for a better equation continues around the
world and consensus is sought. The results are in line
with what we have seen in practice over the past few
years. Our results can help provide information on
which equations can be used for better estimation of
eGFR for renal function screening?.

This study has some limitations. The sample size in
this study is small. The average age of patients is
around 60 years and most of them are in the
advanced stage. Due to the small number of patients,
features such as age, stage, and gender could not be
evaluated by distinguishing them.
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In conclusion, the new formula has not been
confirmed to be superior to other equations in terms
of its ability to estimate eGFR values, particularly at
higher levels of chronic kidney disease. 2012 CKD-
EPI eGFR cystatin-c had higher accuracy, specificity,
and sensitivity compared to the existing equations.
Combined formulas containing both blood tests had
higher diagnostic values than equations containing
only creatinine. Our results can help provide
information on which equations can be used for
better estimation in renal function screening. Future
studies need to evaluate the performance of the
equations in larger populations by adding more
features and comparing them with exogenous
standards such as inulin and iothalamate.
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