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Abstract: Background: This paper aims to evaluate the concordance between the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula and alternative equations and to assess
their predictive power for all-cause mortality in unselected patients discharged alive from a
cardiology ward. Methods: We retrospectively included patients admitted to our Cardiology
Division independently of their diagnosis. The total population was classified according to Kidney
Disease: Improving Global Outcomes (KDIGO) categories, as follows: G1 (estimated glomerular
filtration rate (eGFR) > 90 mL/min/1.73 m?); G2 (eGFR 89-60 mL/min/1.73 m?); G3a (eGFR 59-45
mL/min/1.73 m?); G3b (eGFR 44-30 mL/min/1.73 m?); G4 (eGFR 29-15 mL/min/1.73 m?); G5 (eGFR
< 15 mL/min/1.73 m?). Cockcroft-Gault (CG), CG adjusted for body surface area (CG-BSA),
Modification of Diet in Renal Disease (MDRD), Berlin Initiative Study (BIS-1), and Full Age
Spectrum (FAS) equations were also assessed. Results: A total of 806 patients were included. Good
agreement was found between the CKD-EPI formula and CG-BSA, MDRD, BIS-1, and FAS
equations. In subjects younger than 65 years or aged 285 years, CKD-EPI and MDRD showed the
highest agreement (Cohen'’s kappa (K) 0.881 and 0.588, respectively) while CG showed the lowest.
After a median follow-up of 407 days, overall mortality was 8.2%. The risk of death was higher in
lower eGFR classes (G3b HR4.35; 95%CI 1.05-17.80; G4 HR7.13; 95%CI 1.63-31.23; G5 HR25.91;
95%CI 6.63-101.21). The discriminant capability of death prediction tested with ROC curves showed
the best results for BIS-1 and FAS equations. Conclusion: In our cohort, the concordance between
CKD-EPI and other equations decreased with age, with the MDRD formula showing the best
agreement in both younger and older patients. Overall, mortality rates increased with the renal
function decreasing. In patients aged >75 years, the best discriminant capability for death prediction
was found for BIS-1 and FAS equations.

Keywords: chronic kidney disease; glomerular filtration rate; CKD-EPI; elderly; cardiovascular
disease

1. Introduction

Chronic kidney disease (CKD) is defined as kidney damage lasting for at least 3
months, with or without a decrease in Glomerular Filtration Rate (GFR), and assessed by
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circulating markers of kidney damage or renal biopsy, or as a reduction in GFR < 60
mL/min per 1.73 m?2 for 3 months, with or without kidney damage [1,2]. CKD is a frequent
condition among hospitalized patients due to its close association with increasing age and
various co-morbidities. This relation is particularly strong in patients with cardiovascular
diseases (CVD), including acute and chronic coronary syndrome (ACS and CCS), heart
failure (HF), or atrial fibrillation (AF) [3-19]. Several studies emphasized the bidirectional
relation between renal function and cardiovascular outcomes [5,20-22] as CVD is
responsible for 40-50% of all deaths in nephropathic patients [5,23,24], and CKD, even in
early stages, has been related to fatal and nonfatal cardiovascular events, regardless of
traditional cardiovascular risk factors [25-32]. Thus, an accurate assessment of renal
function is crucial in clinical decision-making processes and may affect prognostic
stratification. Since the diagnostic standard to directly measure GFR (inulin clearance) is
not easily practicable in daily clinical life, several formulas have been proposed to estimate
GEFR. In 1976, Cockcroft and Gault (CG) analyzed data from 249 patients (96% male) and
developed a simple formula to estimate creatinine clearance (CCr) from serum creatinine
(SCr) [33]. To reduce shortcomings, Rostoker et al. [34] proposed a modified CG formula
adjusted for body surface area (CG-BSA). However, BSA indexation per se might be
misleading in individuals with extreme BMI. More recently, the Modification of Diet in
Renal Disease (MDRD) study, a multi-center trial based on a sample of 1628 patients with
CKD, published a simplified 4-variables equation (age, gender, SCr, race) [35,36]. Since
the MDRD equation tends to underestimate renal function in healthy individuals, in 2009,
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) proposed a new
equation that resulted in more accurate values for higher eGFR [37]. Remarkably, none of
these formulas was developed in geriatric populations, and their reliability in estimating
GEFR in the elderly has been questioned [38,39]. In 2012, a new formula was developed by
Berlin Initiative Study (BIS-1) and validated in a population-based cohort study of subjects
> 70 years [40]. Even more recently, the Full Age Spectrum (FAS) formula for GFR
estimation was derived and validated by Pottel et al. to be used across the full age
spectrum [41-44]. Because SCr is influenced by several variables—creatinine filtration
[45], variations in tubular secretion [46,47], muscle mass [48,49], diet [50] — the estimation
of GFR based on SCr is recommended and widely used for the initial assessment of renal
function [51]. Actually, the latest Clinical Practice Guidelines delivered by the Kidney
Disease: Improving Global Outcomes (KDIGO) group recommend the use of the CKD-
EPI equation for CKD assessment and management [1,31]. The aim of our study was to
assess the concordance between the CKD-EPI formula and the above-mentioned different
equations in a real-world, unselected population admitted to our Cardiology Division. In
addition, we aimed to evaluate how these different formulas perform in terms of all-cause
mortality prediction.

2. Materials and Methods

We retrospectively reviewed patients consecutively admitted to the Cardiology
Department of the Modena University Hospital during a 6-month period, between
January and October 2016.

Patients were qualified independently of the type of CVD and according to the
diagnosis at discharge. Selected patients received a diagnosis of acute coronary syndrome
(ACS), chronic coronary syndrome (CCS), acute or chronic heart failure (HF), atrial
fibrillation (AF), or other arrhythmias. Other diagnoses were classified as miscellaneous.
Chronic coronary syndromes were defined as a history of prior ACS, including ST-
segment elevation myocardial infarction, non-ST-segment elevation myocardial
infarction, unstable angina, or a previous percutaneous or surgical revascularization.
Valvular heart disease was considered when at least moderate valvular regurgitation or
stenosis was the reason for hospitalization. Dyslipidemia was defined by a history of
hypercholesterolemia, hypertriglyceridemia, or mixed hyperlipemia on diet or



J. Clin. Med. 2022, 11, 891

3 of 14

pharmacological therapy. A smoking habit was considered as present if a patient was a
former or current smoker.

Parameters of interest were collected from the last available assessment before
hospital discharge and included individual cardiac risk factors, serum creatinine, body
height, and weight. Estimated GFR was then individually calculated according to the
CKD-EPI formula and the study population was classified according to the five KDIGO
categories [1] as follows: G1 (eGFR > 90 mL/min/1.73 m?); G2 (eGFR between 89 and 60
mL/min/1.73 m?); G3a (eGFR between 59 and 45 mL/min/1.73 m?); G3b (eGFR between 44
and 30 mL/min/1.73 m?); G4 (eGFR between 29 and 15 mL/min/1.73 m2); G5 (eGFR < 15
mL/min/1.73 m?2).

Furthermore, estimated GFR was individually assessed using CG, CG-BSA, MDRD,
BIS-1, and FAS equations.

For the purpose of the present analysis, we included patients alive at the time of
discharge and living in our geographical region. Patients who died during the in-hospital
stay or with missing follow-up data were not included. No other exclusion criteria were
applied.

All data were collected from Hospital Information System, and follow-up data were
updated on the basis of ISTAT (Italian National Institute of Statistics, Rome, Italy) death
notifications in which the status of all Italian citizens is complete and constantly updated.

2.1. Endpoint

The aim of our study was to assess the concordance between the CKD-EPI formula
(reference) and the above-mentioned five equations. Moreover, we aimed to evaluate how
these different formulas perform in predicting all-cause mortality compared to the CKD-
EPI equation.

The study was approved by the local ethics committee, and the research was
performed in accordance with the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. Informed consent was obtained from all the subjects
involved in the study.

2.2. Statistical Analysis

Continuous variables, when not-normally distributed, were reported as median
[interquartile range (IQR)], and among groups, comparisons were made using a non-
parametric analysis of variance (Kruskal-Wallis test). Categorical variables were reported
as percentages, among groups, comparisons were made using X2 or Fisher exact tests if
any expected cell count was less than five.

Weighted Cohen’s kappa coefficient was used to assess the agreement in the
classification of patients among KDIGO categories of eGFR with the six equations used
for eGFR. Concordance was defined as follows: K < 0.20 poor; 0.20-0.40 modest; 0.41-0.60
moderate; 0.61-0.80 good; >0.80 excellent [52]. Moreover, to evaluate if each formula tends
to over-or under-estimate the GFR when compared with CKD-EPI, we plotted the
difference between CKD-EPI and the value of each formula against the CKD-EPI. We did
not perform the same analysis for the CG formula because it measures creatinine clearance
and not GFR.

Kaplan-Meier curves for survival according to CKD-EPI groups were performed and
then compared using the log-rank test. A multivariable Cox regression analysis adjusted
for age, gender, and diagnosis at discharge was also built to evaluate the effect of CKD-
EPI groups on mortality.

The relationship between eGFR and death prediction was evaluated through the area
under the curves (AUCs) of the receiver operating characteristic (ROC) curves for every
eGEFR formula, and ROC curves were then compared according to the De Long method
[53].

Considering the CKD-EPI equation as a reference (cut-off value 60 mL/min/1.73 m?),
prediction model performance was assessed using the measure of model reclassification
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(Integrated Discrimination Improvement [IDI]) [54], matching one-on-one the result of
every equation against the CKD-EPI formula.

All statistical analyses were performed using SPSS 23.0 (SPSS Statistics for Mac,
Version (Armonk, NY, USA: IBM Corp) and R version 3.5.0 (R Core Team, Vienna,
Austria, (2021). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria, URL https://www.R-project.org/, accessed on
10 August, 2021) with the package PredictABEL [55].

3. Results

A total of 806 patients were included in the present study (median age 71 years (IQR
61-79); 510 (63.3%) males), with a median follow-up of 407 days. The 20 patients who died
during the in-hospital stay were excluded. The total cohort was grouped according to
KDIGO classes of renal function, and its characteristics are summarized in Table 1.

Table 1. Patients’ clinical characteristics according to KDIGO classes.

KDIGO Categories According to CKD-EPI eGFR (mL/min/1.73 m?)

Overall G1 G2 G3a G3b G4 G5
1 806) eGFR 290 eGFR89-60  eGFR59-45  eGFR44-30  eGFR29-15 eGFR <15 p
) (1 =203) (n=368) (n=99) (n=78) (n=38) (n = 20)
Clinical features
F-U days,
median 407 (284-473) 430 (365-478) 414 (277-478) 382 (269-474) 330 (243-433)  325(223-359) 283 (145-378)  <0.001
(IQR)
Males, n
o 510 (63.3) 137 (67.5) 247 (67.1) 56 (56.6) 37 (47.4) 21 (55.3) 12 (60) 0.009
Age, yrs
median 71 (61-79) 58 (50-65) 73 (66-79) 77 (72-83) 81 (76-85) 83 (80-86) 63 (58-71)  <0.001
(IQR)
Hoynpirt(f/n)sl 551 (68.4) 105 (51.7) 258 (70.1) 84 (84.8) 63 (80.8) 32 (84.2) 9 (45) <0.001
Dlak(’;t)es' " 198 (24.6) 41(202) 84 (22.8) 33 (333) 24 (30.8) 12 (31.6) 4(20) 0.086
Di’:l;pzi‘;m 414 (51.4) 95 (46.8) 203 (55.2) 57 (57.6) 38 (48.7) 15 (39.5) 6 (30) 0.044
5 mo(lj/“)‘g’ " 20273 78 (38.4) 101 (27.4) 21 (21.2) 10 (12.8) 5(132) 5 (25) <0.001
0
Family
history of 108 (13.4) 48 (23.6) 45 (12.2) 6(6.1) 6(7.7) 0 3(15) <0.001
CVD, 1 (%)
History of
KD n(ry  17033) 0 10 2.7) 20 (20.2) 37 (47.4) 22 (57.9) 18 (90) <0.001
BMLI,
median  26.6 (24-294) 267 (23.7-30.1) 26.6 (24.2-29.4) 26.8 (23.6-29.3) 27 (234-30.8) 255 (235-27.8) 257 (21.2-29.9)  0.690
(IQR)
SCr mg/dl
median 094 (0.71-120) 0.71 (0.62-0.86) 0.91 (0.82-1.03) 120 (1.01-1.33) 150 (1.32-1.71) 221 (2.01-2.52) 5.85 (4.31-7.02) <0.001
(IQR)
Age groups <0.001
Age < 65
241 (29. 149 (73.4 4(17.4 1 7.7 2(5. 11
yrs, 1 (%) (29.9) 9 (73.4) 64 (17.4) 9(9.1) 6(7.7) (5.3) (55)
Age6S74 )1 274 47 (232) 134 (36.4) 22 (22.2) 10 (12.8) 3(79) 5 (25)
yrs, 1 (%)
I;Ig: ZS(_/S;L 258 (32) 7 (34) 142 (38.6) 52 (52.5) 37 (47.4) 17 (44.7) 3(15)
Age >85
107 28 (7. 16 (16.2 25 (32.1 16 (42.1 1
yrs, 1 (%) 86 (10.7) 0 8 (7.6) 6(16.2) 5(32.1) 6 (42.1) ()]
Diagnosis
at <0.001
discharge
CCSn (%) 108 (13.4) 37 (18.2) 48 (13) 13 (13.1) 6(7.7) 2(5.3) 2(10)




J. Clin. Med. 2022, 11, 891

5 of 14

ACSn (%) 345 (42.8) 102 (50.2) 163 (44.3) 35 (35.4) 24 (30.8) 9(237) 12 (60)
HFn (%) 110 (13.6) 13 (6.4) 38 (10.3) 21 (21.2) 27 (34.6) 8 (21.1) 3(15)
VHDn (%) 1721 1(05) 9(2.5) 4(4) 3(3.8) 0 0
AF 1 (%) 14 (1.7) 2(1) 6 (1.6) 1Q) 1(13) 4(10.5) 0
Other
arthythmia 127 (15.8) 23 (11.4) 61 (16.6) 18 (18.2) 14 (17.9) 9(23.7) 2(10)
s 1 (%)
Miscellaneo
o 85 (10.5) 25 (12.3) 43 (11.7) 7(7.1) 3(3.8) 6 (15.8) 1(5)
Outcome
De;;};s " 66 (8.2) 3(15) 18 (4.9) 11(11.1) 15 (19.2) 11 (28.9) 8 (40) <0.001

Legend: AF: atrial fibrillation; ACS: acute coronary syndrome; BMI: body mass index; CCS: chronic
coronary disease; CKD: chronic kidney disease; CVD: cardiovascular disease; F-U: follow-up; HF:
heart failure; IQR: interquartile range; SCr: serum creatinine; VHD: valvular heart disease; yrs:
years.

The population characteristics according to age groups are shown in Supplementary
Table S1. Patients were discharged with the following diagnosis: ACS (42.8%), CCS
(13.4%), HF (13.6%), VHD (2.1%), AF (1.7%), other arrhythmias (15.8%), and other causes
(10.5%). CCS and ACS were more common in patients younger than 75 years (76 (16.5%)
in patients < 75 years vs. 32 (9.3%) in those > 75 years for CCS (p = 0.003); 226 (48.9%) in
patients < 75 years vs. 119 (34.6%) 2= 75 years for ACS (p < 0.001)), while HF and
arrhythmias other than AF were more frequent in older ages (39 (8.4%) in patients <75
years vs. 69 (20.1%) in patients > 75 years, for HF (p <0.001); 51 (11%) in patients <75 years
vs. 76 (22.1%) in patients > 75 years, for other arrhythmias (p < 0.001)). Renal function, as
assessed by all the equations considered, significantly decreased over increasing age
groups (see Supplementary Table S1).

3.1. eGFR with CG, CG-BSA, MDRD, CKD-EPI, BIS1 and FAS Equations, Concordance
Analysis

Using Cohen’s weighted K test for the concordance of attribution to each class of
eGFR and considering the CKD-EPI equation as the reference method, we found good
agreement between CKD-EPI and CG-BSA, MDRD, BIS-1, and FAS formulas (weighted K
coefficient 0.659, 0.751, 0.660 and 0.663, respectively) and moderate agreement with CG
equation (weighted K coefficient 0.535) (Table 2).

Table 2. Concordance in head-to-head comparison among formulas estimating GFR according to
weighted Cohen’s kappa coefficients [K (95% CI)]. Concordance was defined as follows: K < 0.20
poor; 0.20-0.40 modest; 0.41-0.60 moderate; 0.61-0.80 good; >0.80 excellent. We show comparisons
with moderate concordance in bold, in italicization with good concordance, in bold and italics those
with excellent concordance.

CG

CG-BSA MDRD BIS-1 FAS

CKD-EPI 0.535 (0.699-0.761)  0.659 (0.575-0.743)  0.751 (0.651-0.851)  0.660 (0.560-0.760)  0.663 (0.563—0.763)

CG 0.717 (0.650-0.783)  0.460 (0.393-0.527)  0.514 (0.447-0.581)  0.505 (0.438-0.572)
CG-BSA 0.499 (0.432-0.566) 0.732 (0.665-0.799)  0.739 (0.672—0.806)
MDRD 0.477 (0.410-0.544)  0.470 (0.403-0.537)

BIS-1 0.896 (0.829-0.962)

Legend: CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault; CG-
BSA: CG adjusted for body surface area; MDRD: The Modification of Diet in Renal Disease; BIS-1:
Berlin Initiative Study; FAS: Full age spectrum. We show comparisons with moderate concordance
in bold, in italicization with good concordance, in bold and italics those with excellent concordance.

When performing the concordance analysis among age groups (Table 3), using CKD-
EPI as the reference, the highest agreement was found between the CKD-EPI and MDRD,
particularly in the age group <65 years (weighted K coefficient 0.881). In patients aged >85
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years, MDRD and BIS1 showed the best agreement with CKD-EPI (weighted K coefficient
0.588 and 0.568, respectively) compared to other equations. The agreement between
attributions based on CKD-EPI and CG was moderate in all age groups. As shown in Table
3, an inverse relationship was observed between concordance and age, with the weighted
K coefficient consistently decreasing with increasing age.

Table 3. Concordance of eGFR evaluated with Cohen’s weighted K test assessed by different
equations among age groups. Concordance was defined as follows: K < 0.20 poor; 0.20-0.40 modest;
0.41-0.60 moderate; 0.61-0.80 good; >0.80 excellent. Comparisons with moderate concordance are
labeled with (¥), the ones with good concordance with (**), and the ones with excellent concordance
with (***).

CG CG-BSA MDRD BIS-1 FAS

CKD-EPlin pts <65y

CKD-EPIin pts 65-74 y
CKD-EPIin pts 75-84 y

CKD-EPlin pts >85y

0.523 (0.456-0.589) *  0.762 (0.695-0.829) *  0.881 (0.814-0.947) ***  0.688 (0.621-0.754) **  0.747 (0.680-0.814) **
0.396 (0.329-0.462)  0.727 (0.660-0.793)**  0.717 (0.650-0.784) *  0.646 (0.579-0.712)**  0.671 (0.604-0.738)**
0.486 (0.410-0.553)*  0.512 (0.445-0.578)*  0.652 (0.585-0.719) **  0.557 (0.490-0.623)*  0.560 (0.593-0.627) *
0413 (0.346-0.480)*  0.350 (0.283-0.417)  0.588 (0.501-0.635)*  0.568 (0.501-0.634)*  0.422 (0.355-0.489) *

Legend: CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault; CG-
BSA: CG adjusted for body surface area; MDRD: The Modification of Diet in Renal Disease; BIS-1:
Berlin Initiative Study; FAS: Full age spectrum; y: years.

Of note, compared to CKD-EP]I, all formulas overestimated the renal function for
GER values higher than 100 mL/min/m? (Supplementary Figures 51-54). Under this cut-
off,. MDRD and BIS-1 showed a better concordance compared to CKD-EPI
(Supplementary Figures 52 and S3, respectively). The FAS equation overestimated renal
function for extreme values (under 15 mL/min/m? and above 100 mL/min/m?) and
underestimated values in the middle range (Supplementary Figure 54).

3.2. Survival Analysis

During a median follow-up of 407 days (IQR 284-473), overall mortality was 8.2% (66
deaths). There were 3 deaths (1.5%) in the CKD-EPI group G1, 18 (4.9%) in G2, 11 (11.1%)
in G3a, 15 (19.2%) in G3b, 11 (28.9%) in G4, and 8 (40%) in G5 (p for trend < 0.0001).

As highlighted in Kaplan-Meier curves of survival according to KDIGO stages
(Figure 1), patients with advanced CKD had the worst survival rates compared to those
with early stages of CKD (Log Rank test, p <0.0001).
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100%
Legend
/12 90 ml/min/1.73m?
—7160-89 mi/min/1.73m?
145-59 ml/min/1.73m2
30-44 ml/min/1.73m?
15-29 mi/min/1.73 m?
<15 ml/min/1.73 m2

Log-rank p < 0.001

60-89 ml/min/1.73 m? HR 1.62; 95% Cl 0.44-5.97

45-59 ml/min/1.73 m? HR 2.89; 95% Cl 0.71-11.78
0% 30-44 ml/min/1.73 m? HR 4.35; 95% CI1.05-17.80
15-29 ml/min/1.73 m? HR 7.13; 95% Cl 1.63-31.23

Cumulative Survival

<15 ml/min/1.73 m? HR 25.91; 95% Cl 6.63-101.21
Note: eGFR 2 90ml/min/1.73 m? as reference

0%

['] 125 250 375 500

Follow-up (days)
Patients at risk

=90 203 203 202 129 36
60-89 368 363 358 198 54
45-59 99 96 92 46 13
30-44 78 73 68 29

15-29 38 37 32 15 5
<15 20 16 14 4 1

Figure 1. Kaplan-Meier curve of survival according to stages of renal function (eGFR with CKD-EPI
equation). Note that the hazard ratio for each group was adjusted for age, sex, and diagnosis at
discharge. Legend: Chronic Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault; CG-
BSA: CG adjusted for body surface area; MDRD: The Modification of Diet in Renal Disease; BIS-1:
Berlin Initiative Study; FAS: Full age spectrum.

The multivariable Cox regression analysis, adjusted for age, gender, and diagnosis at
discharge, showed a significant increase in mortality for decreasing eGFR values; the
KDIGO class G5 had an almost 25-fold increased risk in mortality compared to KDIGO
class G1 (HR 25.91; 95% ClI, 6.63-101.21, p < 0.0001) (Figure 1).

According to AUCs of the ROC curves, the best discriminant capability for death
prediction was found for BIS-1 (AUC = 0.782; 95% CI 0.752-0.810) followed by FAS (AUC
= 0.776; 95% CI 0.746-0.804), CG-BSA equation (AUC = 0.779; 95%CI 0.748-0.807), CG
(AUC = 0.778; 95%CI 0.747-0.806), CKD-EPI (AUC = 0.769; 95%CI 0.738-0.797), and
MDRD (AUC = 0.750; 95%CI 0.719-0.780) (Figure 2). A pairwise comparison of ROC
curves shows that BIS-1 and FAS formulas perform significantly better compared with
CKD-EPI (p = 0.035 and p = 0.001, respectively) while MDRD is significantly worst (p =
0.005). Moreover CG-BSA, BIS-1 and FAS are significantly better than MDRD
(respectively, p = 0.028, p = 0.001, and p = 0.001). When matched, BIS-1 and FAS are
significantly different (p = 0.005). Other comparisons of AUC’s do not reach statistical
significance.
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1 - Specificity

€G0.778 CG/BSA0.779 | MDRD 0.750 | CKD-EPI 0.769 FAS 0.779 BIS-10.782

p=0.4785 p=0.2559 p=0.0052 ref p=0.0353 p=0.0012

Figure 2. ROC curves and AUCs for death prediction according to eGFR values with different
equations of eGFR in the whole cohort. The table below reports p-values of each formula compared
with CKD-EPI considered as reference. Legend: BIS-1: Berlin Initiative Study; CKD-EPIL: Chronic
Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault; CG-BSA: CG adjusted for body
surface area; FAS: Full age spectrum; MDRD: The Modification of Diet in Renal Disease.

BIS-1 and FAS, when compared with CKD-EPI, IDI is significantly different in the
whole group of patients as well as in patients > 75 years (Table 4), giving a better
discrimination power of about 1.5% in the whole cohort and about 3% in older (=75 years)
patients.

Table 4. Summary of risk classification of eGFR equations by means of different tests.

Whole Population (n 806)

Deaths 1 (%) HR (95% CI) AUC P IDI1% P
CKD-EPI < 60 mL/min/1.73 m?2 45 (68.2) 3.97 (2.24-7.04) 0.769 ref ref NA
CG <60 mL/min 50 (75.8) 4.62 (2.40-8.91) 0.778 0.479 -0.23 (-1.54-1.08) 0.733
CG-BSA < 60 mL/min/1.73 m? 49 (74.2) 3.30 (1.72-6.32) 0.779 0.256 0.54 (-0.8-1.88) 0.431
MDRD < 60 mL/min/1.73 m? 41 (62.1) 3.82 (2.22-6.59) 0.750 0.005 -0.43 (-1.14-0.28) 0.232
BIS-1 < 60 mL/min/1.73 m? 51 (77.3) 3.43 (1.75-6.71) 0.782 0.035 1.63 (0.51-2.75) 0.004
FAS <60 mL/min/1.73 m? 51 (77.3) 3.70 (1.90-7.17) 0.776 0.001 1.40 (0.28-2.51) 0.014
Patients aged > 75 years (1 344)
Deaths 1 (%) HR (95% CD AUC 4 IDI% p
CKD-EPI < 60 mL/min/1.73 m?2 36 (76.6) 3.18 (1.58-6.40) 0.705 ref ref NA
CG <60 mL/min 42 (89.4) 4.61 (1.78-11.96) 0.725 0.261 0.79 (-0.89-2.47) 0.358
CG-BSA < 60 mL/min/1.73 m? 41 (87.2) 2.69 (1.11-6.51) 0.717 0.255 0.94 (-0.93-2.81) 0.326
MDRD < 60 mL/min/1.73 m? 32 (68.1) 2.84 (1.49-5.42) 0.698 0.023 —0.82 (-1.92-0.28) 0.145
BIS-1 < 60 mL/min/1.73 m? 41 (87.2) 2.30 (0.95-5.57) 0.707 0.553 3.26 (1.65-4.87) <0.001
FAS <60 mL/min/1.73 m? 41 (87.2) 2.67 (1.10-6.51) 0.706 0.692 2.73 (1.16—4.31) <0.001

Legend: AUC: area under the curve; BIS-1: Berlin Initiative Study; CG: Cockcroft-Gault; CG-BSA: CG adjusted
for body surface area; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; FAS: full age spectrum;

HR: hazard ratio; IDI: integrated discrimination improvement; MDRD: The Modification of Diet in Renal Disease.
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Statistical significance is highlighted in bold. Note that AUC was calculated considering the variables as

continuous ones.

4. Discussion

The main findings of our study are that the concordance between CKD-EPI and other
equations decreases with age, with the best agreement highlighted for the MDRD formula
in both younger and older patients. Overall, mortality rates increased with the renal
function decreasing. In patients aged 275 years, the best discriminant capability for death
prediction was found for BIS-1 and FAS equations.

4.1. Concordance between CKD-EPI and Different eGFR Equations

Our concordance analysis has important clinical implications considering that,
besides the recommended adoption of the CKD-EPI formula for estimating GFR, other
equations are currently used for specific purposes (i.e., CG in NOACs prescription [31,56])
and in different scenarios (i.e., many laboratories still adopt the MDRD equation).

Irrespectively of age, in a relatively unselected cohort of patients admitted to a
cardiology ward for various cardiovascular diseases, we found the highest agreement
between CKD-EPI and MDRD (weighted K coefficient 0.751) and only moderate
agreement with the CG equation (weighted K coefficient 0.533).

This finding is in line with previous data exploring the correlation between CKD-EPI
and MDRD in different populations such as renal transplant recipients, advanced renal
failure, and the elderly [57-59]. In a cohort of 1992 nephrology patients, Torreggiani et al.
found that the highest heterogeneity was observed with BIS-1. [60] We could not confirm
that observation since, according to our results, MDRD and BIS-1 showed the most similar
estimation curve when compared with CKD-EPI (Figure S1 to S4). Different clinical
settings and the distribution of elderly patients may explain the difference.

Similar results were highlighted by Boriani et al. [32], considering CKD-EPI, MDRD,
CG, and CG-BSA formulas. However, the present study considered two more equations
(BIS-1 and FAS) that revealed good concordance with the CKD-EPI equation.

4.2. eGFR Estimates and Patient’s Age

Our results underline that the concordance between eGFR assessed by the CKD-EPI
formula and the other five equations decreases consistently with increasing age. Of note,
for patients aged 85 years or more, MDRD had the greatest agreement with CKD-EPI
(weighted K coefficient 0.588) followed by BIS-1 (weighted K coefficient 0.568), while CG
showed the worst concordance (weighted K coefficient 0.348).

In a cohort of 1992 patients, Torreggiani et al. [60] found that estimated glomerular
filtration rate (eGFR) decreased with age regardless of which equation was used.
Analyzing the correlations between CKD-EPI and other eGFR equations, the highest
heterogeneity was observed with BIS-1; the revised Lund-Malmo tended to underestimate
eGFR while MDRD overestimated it. Compared to the reference CKD-EPI, FAS tended to
classify patients with CKD in lower stages. Considering an eGFR threshold limit of 45
mL/min for defining significant CKD in patients over 65 years of age, the variability in
CKD staging was 10%, no matter which equation was used.

Remarkably, estimation of GFR in the elderly is still a matter of debate as all
equations integrate age with different mathematical models. Many studies have shown
that distinct GFR estimations give different results in very old patients, raising concerns
about which equation should be most appropriately used in this population [38,61-63].

Flamant et al. compared CG, MDRD, and CKD-EPI equations in 782 patients aged 65
years or more. In the entire population, the CG equation significantly underestimated
measured GFR and had the lowest overall accuracy, whereas the estimation of GFR
through the MDRD and CKD-EPI formulas did not significantly differ from the measured
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value. Moreover, in age subgroup analysis, biases significantly varied with age when
considering the CG formula, but not with the MDRD and CKD-EPI equations.

As the CG equation considers a linear decrease of GFR with increasing age, its biases
are emphasized in older subjects. On the contrary, the MDRD and CKD-EPI equations
predict a slighter impact of age on renal function, thus preserving their overall
performance even in old and very old patients [64].

However, in other cases, no difference was found among these equations in the
elderly. In one large study on 1297 renal transplanted recipients undergoing inulin
clearance measurement, Buron et al. evaluated the performance of four SCr-based
formulas (CG, MDRD simplified, CKD-EP], and Kankivell formula). The MDRD formula
provided the best estimate of GFR with a mean bias of —0.5 mL/min/1.73 m?, a standard
deviation of bias of 12 mL/min/1.73 m? and a 30% accuracy. According to their results,
gender and age did not modify the MDRD estimation of GFR, which remained superior
to other formulas in each subgroup, except for patients older than 60 years, where the CG
formula yielded equivalent results to the MDRD formula [65].

Kilbride et al. [66] studied 394 individuals with a median age of 80 years. The authors
compared the accuracy of the MDRD, CKD-EPI creatinine, CKD-EPI cystatin C, and CKD-
EPI combined equations with direct measurement of GFR. Considering the accuracy (the
percentage of estimates within 30% of mGFR) of the equations, the creatinine-based
equations in the elderly were similar to that observed in younger people (~80-85%).

4.3. eGER and Cardiovascular Outcomes

Despite the KIDGO 2012 guidelines for the evaluation and management of CKD
recommending the use of CKD-EPI [1], it is still unknown which equation would be better
to use according to different clinical scenarios. Recently Rivera-Carvaca et al. [67], in a
multi-center prospective registry on 1699 patients with acute coronary syndrome (ACS),
showed that the CG equation has a superior predictive ability for major adverse
cardiovascular events, major bleeding, and all-cause mortality compared with MDRD. A
superior predictive ability for major bleeding was found even in comparison with CKD-
EPL

More recently, a study on 3985 patients with ACS [68] found similar results: CG and
European Kidney Function Consortium equations were better than MDRD and CKD-EPI
equations for risk discrimination for all-cause-mortality and bleeding, suggesting that in
patients with ACS, the CG equation could be the most appropriate equation.

However, in elderly patients, CG often underestimates the GFR. In a recent cross-
sectional study on 2247 participants aged 65 to 90 years who underwent inulin GFR
measurements, none of the four equations considered for eGFR calculation (CKD-EPI,
Lund-Malmo Revised, (LMR), full age spectrum (FAS), and Berlin Initiative Study 1) had
superior diagnostic performance, while each had limitations regarding accuracy [69].

In the specific setting of atrial fibrillation, the use of different equations instead of the
CG formula may significantly influence NOACs prescription and patient management
[13].

An accurate assessment of renal function is critical as it may have relevant
implications on prognostic stratification. As highlighted in our study, the survival rate
significantly declines from G1 to G5 KDIGO categories, and the risk of all-cause death
significantly increases in G3b, G4, G5 KDIGO classes (Figure 1).

In AF in- or outpatients enrolled in the EORP-AF pilot registry, the renal function,
assessed by CKD-EPI formula, showed a crucial prognostic relevance. Besides the cut-off
points that differed from those suggested by KDIGO, results showed that as renal function
declines, patients” prognosis progressively worsens [32].

A large amount of literature previously investigated the association between CKD
and outcomes [3]. A systematic review involving 39 studies and 1,371,990 patients showed
that non-dialysis-dependent CKD is related to an increased risk for all-cause and
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cardiovascular death independently of potential confounders and CKD definitions and
despite differences in studies” design and population.

The relation between CKD and all-cause mortality remained significant even in the
general population, considering that younger patients and groups with a lower
prevalence of known CVD had a significantly higher predicted relative risk for death
associated with CKD [24]. This latest finding was shown in our analysis, considering that
an estimated GFR lower than 60 mL/min/1.73 m? was related to higher hazard ratios for
all-cause mortality in younger patients (<75 years) and without a known history of CVD
(Figure 2).

Our results suggest that the assessment of eGFR may support clinicians in identifying
those patients with a worse prognosis that may benefit from stricter surveillance and
stronger control of associated conditions (diabetes, hypertension, coronary disease) to
avoid further deterioration of renal function [70].

Moreover, the prognostic implications of reduced renal function have a specific
impact on cardiologists” daily decision-making processes when prescribing contrast-
based diagnostic or interventional procedures [71], for the infective risk stratification in
CIED procedures [72], or when considering the appropriateness of a defibrillator for
primary prevention of sudden cardiac death [73].

4.4. Strengths and Limitations

The retrospective nature of our study represents an intrinsic limitation. Our
population was relatively unselected and enrolled in a single center. Specific data on
cardiovascular mortality were missing, so we could not assess the performance of
different formulas on it. Moreover, since in-hospital deaths were excluded, our results can
only apply to stable, pre-discharge patients. However, our study highlights how
differently formulas perform in a “real-world” population and the implication of their use
in long-term prognostic stratification.

Given the availability of different formulas for eGFR, there is the need to define the
most appropriate approach for kidney function assessment, as well as for outcome
prediction, to be used in a wide range of individuals, including the elderly.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/article/10.3390/jcm11030891/s1, Figure Sl1: renal function estimation of body
surface area adjusted Cockroft-Gault equation (CGBSA) plotted against the difference between
CKD-EPI equation and CG-BSA values; Figure S2: renal function estimation of MDRD equation
plotted against the difference between CKD-EPI equation and MDRD values; Figure S3: renal
function estimation of BIS-1 equation plotted against the difference between CKDEPI equation and
BIS-1 values; Figure S4: renal function estimation of FAS equation plotted against the difference
between CKDEPI equation and FAS values.

Author Contributions: Made substantial contributions to conception and design of the study and
performed data analysis and interpretation: V.L.M., A.C.V,, M.M,, D.S, M.V, M.P,, GY.HL., GB.
Performed data acquisition, as well as provided administrative, technical, and material support:
S.R, M.M., C.O. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the local ethics committee
(reference number 911, data of approval 14 March 2017), and the research was performed in
accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments.

Informed Consent Statement: Informed consent was obtained from all the subjects involved in the
study.

Data Availability Statement: Not applicable.



J. Clin. Med. 2022, 11, 891 12 of 14

Conflicts of Interest: Boriani G received small speaker fees from Medtronic, Boston, Biotronik,
Boehringer, and Bayer, outside of the submitted work. The other authors declare no conflict of
interest.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

KDIGO. 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney Int. 2013, 3, 1-150.
Foundation NK. K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation, classification, and stratification.
Am. ]. Kidney Dis. 2002, 39 (Suppl 1), S1-5266.

Go, A.S.; Chertow, G.M.; Fan, D.; McCulloch, C.E.; Hsu, C.Y. Chronic kidney disease and the risks of death, cardiovascular
events, and hospitalization. N. Engl. ]. Med. 2004, 351, 1296-1305.

Sarnak MJ, Levey AS, Schoolwerth AC, Coresh ], Culleton B, Hamm LL, McCullough PA, Kasiske BL, Kelepouris E, Klag MJ; et
al. Kidney disease as a risk factor for development of cardiovascular disease: A statement from the American Heart Association
Councils on Kidney in Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology, and Epidemiology and
Prevention. Hypertension 2003, 42, 1050-1065.

Thompson S, James M, Wiebe N, Hemmelgarn B, Manns B, Klarenbach S, Tonelli M; Alberta Kidney Disease Network. Cause
of Death in Patients with Reduced Kidney Function. ]. Am. Soc. Nephrol. 2015, 26, 2504-2511.

Su G, XuY, Xu X, Xu H, Lu L, Marrone G, Lindholm B, Wen Z, Liu X, Johnson DW, et al. Association between reduced renal
function and cardiovascular mortality in patients hospitalized with infection: A multi-center cohort study. Eur. ]. Intern. Med.
2018, 57, 32-38.

Gallo P, De Vincentis A, Pedone C, Nobili A, Tettamanti M, Gentilucci UV, Picardi A, Mannucci PM, Incalzi RA; REPOSI
Investigators. Prognostic relevance of glomerular filtration rate estimation obtained through different equations in hospitalized
elderly patients. Eur. |. Intern. Med. 2018, 54, 60-64.

Topaz G, Gharra W, Eisen A, Hershko AY, Shilo L, Beeri G, Kitay-Cohen Y, Pereg D. Impaired renal function is associated with
adverse outcomes in patients with chest pain discharged from internal medicine wards. Eur. J. Intern. Med. 2018, 53, 57-61.
Bozzano, V.; Abati, E.; (GrAM) GdAM. Fluid intake and chronic kidney disease: Effect of coaching an increase in fluid intake
on kidney function decline. Intern Emerg Med. 2018, 13, 1283-1285.

Riva, N.; Ageno, W.; Gatt, A. Estimating renal function in patients with atrial fibrillation: Which dose of direct oral
anticoagulants? Intern. Emerg. Med. 2018, 13, 1001-1004.

Boriani G, Vitolo M, Diemberger I, Proietti M, Valenti AC, Malavasi VL, Lip GYH. Optimizing indices of AF susceptibility and
burden to evaluate AF severity, risk and outcomes. Cardiovasc. Res. 2021, 117, 1-21.

Sgura FA, Arrotti S, Magnavacchi P, Monopoli D, Gabbieri D, Banchelli F, Tondi S, Denegri A, D'Amico R, Guiducci V, et al.
Kidney dysfunction and short term all-cause mortality after transcatheter aortic valve implantation. Eur. J. Intern. Med. 2020, 81,
32-37.

Malavasi VL, Pettorelli D, Fantecchi E, Zoccali C, Laronga G, Trenti T, Lip GYH, Boriani G. Variations in clinical management
of non-vitamin K antagonist oral anticoagulants in patients with atrial fibrillation according to different equations for estimating
renal function : Post hoc analysis of a prospective cohort. Intern. Emerg. Med. 2018, 13, 1059-1067.

Pugliese NR, Fabiani I, Conte L, Nesti L, Masi S, Natali A, Colombo PC, Pedrinelli R, Dini FL. Persistent congestion, renal
dysfunction and inflammatory cytokines in acute heart failure: A prognosis study. J. Cardiovasc. Med. 2020, 21, 494-502.
Campanile A, Castellani C, Santucci A, Annunziata R, Tutarini C, Reccia MR, Del Pinto M, Verdecchia P, Cavallini C. Predictors
of in-hospital and long-term mortality in unselected patients admitted to a modern coronary care unit. J. Cardiovasc. Med. 2019,
20, 327-334.

Shetty, S.; Malik, A.H.; Ali, A.; Yang, Y.C.; Aronow, W.S,; Briasoulis, A. Impact of acute kidney injury on in-hospital outcomes
among patients hospitalized with acute heart failure - A propensity-score matched analysis. Eur | Intern Med. 2020, 79, 76-80.
Sanchez-Serna ], Hernandez-Vicente A, Garrido-Bravo IP, Pastor-Perez F, Noguera-Velasco JA, Casas-Pina T, Rodriguez-
Serrano Al, Nufiez ], Pascual-Figal D. Impact of pre-hospital renal function on the detection of acute kidney injury in acute
decompensated heart failure. Eur | Intern Med. 2020, 77, 66-72.

Correale M, Paolillo S, Mercurio V, Limongelli G, Barilla F, Ruocco G, Palazzuoli A, Scrutinio D, Lagioia R, Lombardi C, et al.
Co-morbidities in chronic heart failure: An update from Italian Society of Cardiology (SIC) Working Group on Heart Failure.
Eur ] Intern Med. 2020, 71, 23-31.

Kashani, K.; Rosner, M.H.; Ostermann, M. Creatinine: From physiology to clinical application. Eur | Intern Med. 2020, 72, 9-14.
Fox CS, Matsushita K, Woodward M, Bilo HJ, Chalmers ], Heerspink HJ, Lee BJ, Perkins RM, Rossing P, Sairenchi T; et al.
Associations of kidney disease measures with mortality and end-stage renal disease in individuals with and without diabetes:
A meta-analysis. Lancet 2012, 380, 1662-1673.

Lokhandwala S, McCague N, Chahin A, Escobar B, Feng M, Ghassemi MM, Stone DJ, Celi LA. One-year mortality after recovery
from critical illness: A retrospective cohort study. PLoS ONE. 2018, 13, e0197226.

Tonelli M, Muntner P, Lloyd A, Manns BJ, Klarenbach S, Pannu N, James MT, Hemmelgarn BR; Alberta Kidney Disease
Network. Risk of coronary events in people with chronic kidney disease compared with those with diabetes: A population-level
cohort study. Lancet 2012, 380, 807-814.



J. Clin. Med. 2022, 11, 891 13 of 14

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

Vanholder R, Massy Z, Argiles A, Spasovski G, Verbeke F, Lameire N; European Uremic Toxin Work Group. Chronic kidney
disease as cause of cardiovascular morbidity and mortality. Nephrol. Dial. Transplant. 2005, 20, 1048-1056.

Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, McAlister F, Garg AX. Chronic kidney disease and mortality risk:
A systematic review. J. Am. Soc. Nephrol. 2006, 17, 2034-2047.

Manjunath G, Tighiouart H, Ibrahim H, MacLeod B, Salem DN, Griffith JL, Coresh J, Levey AS, Sarnak M]J. Level of kidney
function as a risk factor for atherosclerotic cardiovascular outcomes in the community. J. Am. Coll. Cardiol. 2003, 41, 47-55.
Anavekar NS, McMurray J], Velazquez EJ, Solomon SD, Kober L, Rouleau JL, White HD, Nordlander R, Maggioni A, Dickstein
K, et al. Relation between renal dysfunction and cardiovascular outcomes after myocardial infarction. N. Engl. |. Med. 2004, 351,
1285-1295.

Gibson CM, Dumaine RL, Gelfand EV, Murphy SA, Morrow DA, Wiviott SD, Giugliano RP, Cannon CP, Antman EM,
Braunwald E; TIMI Study Group. Association of glomerular filtration rate on presentation with subsequent mortality in non-
ST-segment elevation acute coronary syndrome; observations in 13,307 patients in five TIMI trials. Eur. Heart |. 2004, 25, 1998
2005.

Kpaeyeh JA Jr, Divoky L, Hyer JM, Daly DD Jr, Maran A, Waring A, Gold MR. Impact of Renal Function on Survival After
Cardiac Resynchronization Therapy. Am. |. Cardiol. 2017, 120, 262-266.

Garcia-Gil M, Parramon D, Comas-Cufi M, Marti R, Ponjoan A, Alves-Cabratosa L, Blanch J, Petersen I, Elosua R, Grau M, et al.
Role of renal function in cardiovascular risk assessment: A retrospective cohort study in a population with low incidence of
coronary heart disease. Prev Med. 2016, 89, 200-206.

Edfors R, Sahlén A, Szummer K, Renlund H, Evans M, Carrero JJ, Spaak J, James SK, Lagerqvist B, Varenhorst C, Jernberg T.
Outcomes in patients treated with ticagrelor versus clopidogrel after acute myocardial infarction stratified by renal function.
Heart 2018, 104, 1575-1582.

Boriani G, Savelieva I, Dan GA, Deharo JC, Ferro C, Israel CW, Lane DA, La Manna G, Morton ], Mitjans AM, et al. Chronic
kidney disease in patients with cardiac rhythm disturbances or implantable electrical devices: Clinical significance and
implications for decision making-a position paper of the European Heart Rhythm Association endorsed by the Heart Rhythm
Society and the Asia Pacific Heart Rhythm Society. Europace. 2015, 17, 1169-1196.

Boriani G, Laroche C, Diemberger I, Popescu MI, Rasmussen LH, Petrescu L, Crijns HIGM, Tavazzi L, Maggioni AP, Lip GYH.
Glomerular filtration rate in patients with atrial fibrillation and 1-year outcomes. Sci Rep. 2016, 6, 30271.

Cockceroft, D.W.; Gault, M.H. Prediction of creatinine clearance from serum creatinine. Nephron 1976, 16, 31-41.

Rostoker, G.; Andrivet, P.; Pham, I.; Griuncelli, M.; Adnot, S. A modified Cockcroft-Gault formula taking into account the body
surface area gives a more accurate estimation of the glomerular filtration rate. J. Nephrol. 2007, 20, 576-585.

Levey, A.S.; Bosch, J.P.; Lewis, ].B.; Greene, T.; Rogers, N.; Roth, D. A more accurate method to estimate glomerular filtration
rate from serum creatinine: A new prediction equation. Modification of Diet in Renal Disease Study Group. Ann. Intern. Med.
1999, 130, 461-470.

Levey AS, Coresh ], Greene T, Marsh ], Stevens LA, Kusek JW, Van Lente F; Chronic Kidney Disease Epidemiology Collaboration.
Expressing the Modification of Diet in Renal Disease Study equation for estimating glomerular filtration rate with standardized
serum creatinine values. Clin Chem. 2007, 53, 766-772.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T; et al. A
new equation to estimate glomerular filtration rate. Ann Intern Med. 2009, 150, 604-612.

Gill, J.; Malyuk, R.; Djurdjev, O.; Levin, A. Use of GFR equations to adjust drug doses in an elderly multi-ethnic group--a
cautionary tale. Nephrol Dial Transplant. 2007, 22, 2894-2899.

Garasto S, Fusco S, Corica F, Rosignuolo M, Marino A, Montesanto A, De Rango F, Maggio M, Mari V, Corsonello A.; et al.
Estimating glomerular filtration rate in older people. Biomed Res Int. 2014, 2014, 916542.

Schaeffner ES, Ebert N, Delanaye P, Frei U, Gaedeke J, Jakob O, Kuhlmann MK, Schuchardt M, Télle M, Ziebig R; et al. Two
novel equations to estimate kidney function in persons aged 70 years or older. Ann Intern Med. 2012, 157, 471-481.

Pottel, H.; Mottaghy, F.M.; Zaman, Z.; Martens, F. On the relationship between glomerular filtration rate and serum creatinine
in children. Pediatr Nephrol. 2010, 25, 927-934.

Pottel, H.; Hoste, L.; Martens, F. A simple height-independent equation for estimating glomerular filtration rate in children.
Pediatr Nephrol. 2012, 27, 973-979.

Pottel, H.; Vrydags, N.; Mahieu, B.; Vandewynckele, E.; Croes, K.; Martens, F. Establishing age/sex related serum creatinine
reference intervals from hospital laboratory data based on different statistical methods. Clin Chim Acta. 2008, 396, 49-55.

Pottel H, Hoste L, Dubourg L, Ebert N, Schaeffner E, Eriksen BO, Melsom T, Lamb EJ, Rule AD, Turner ST,; et al. An estimated
glomerular filtration rate equation for the full age spectrum. Nephrol Dial Transplant. 2016, 31, 798-806.

Levey, A.S. Measurement of renal function in chronic renal disease. Kidney Int. 1990, 38, 167-184.

Miller, B.F.; Winkler, A.W. The renal excretion of endogenous creatinine in man. comparison with exogenous creatinine and
inulin. | Clin Invest. 1938, 17, 31-40.

Shemesh, O.; Golbetz, H.; Kriss, J.P.; Myers, B.D. Limitations of creatinine as a filtration marker in glomerulopathic patients.
Kidney Int. 1985, 28, 830-838.

Perrone, R.D.; Madias, N.E.; Levey, A.S. Serum creatinine as an index of renal function: New insights into old concepts. Clin
Chem. 1992, 38, 1933-1953.



J. Clin. Med. 2022, 11, 891 14 of 14

49.
50.
51.
52.
53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Heymsfield, S.B.; Arteaga, C.; McManus, C.; Smith, J.; Moffitt, S. Measurement of muscle mass in humans: Validity of the 24-h
urinary creatinine method. Am | Clin Nutr. 1983, 37, 478-494.

Preiss, D.J.; Godber, ILM.; Lamb, E.J.; Dalton, R.N.; Gunn, I.R. The influence of a cooked-meat meal on estimated glomerular
filtration rate. Ann Clin Biochem. 2007, 44 Pt 1, 35-42.

Levey, A.S,; Inker, L.A_; Coresh, ]. GFR estimation: From physiology to public health. Am | Kidney Dis. 2014, 63, 820-834.
Viera, A.].; Garrett, ] M. Understanding interobserver agreement: The kappa statistic. Fam Med. 2005, 37, 360-363.

DeLong, E.R.;; DeLong, D.M.; Clarke-Pearson, D.L. Comparing the areas under two or more correlated receiver operating
characteristic curves: A non-parametric approach. Biometrics. 1988, 44, 837-845.

Pencina, M.].; D’Agostino, R.B.; Vasan, R.S. Evaluating the added predictive ability of a new marker: From area under the ROC
curve to reclassification and beyond. Stat Med. 2008, 27, 157-172; discussion 207-12.

Kundu, S.; Aulchenko, Y.S.; van Duijn, C.M,; Janssens, A.C. PredictABEL: An R package for the assessment of risk prediction
models. Eur | Epidemiol. 2011, 26, 261-264.

January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC Jr, Conti JB, Ellinor PT, Ezekowitz MD, Field ME; et al.
2014 AHA/ACC/HRS guideline for the management of patients with atrial fibrillation: A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines and the Heart Rhythm Society. ] Am Coll Cardiol.
2014, 64, el—e76.

Ruiz-Esteban P, Lopez V, Garcia-Frias P, Cabello M, Gonzalez-Molina M, Vozmediano C, Hernandez D. Concordance of
estimated glomerular filtration rates using Cockcroft-Gault modification of diet in renal disease, and chronic kidney disease
epidemiology in renal transplant recipients. Transplant Proc. 2012, 44, 2561-2563.

Esteve Poblador, S.; Gorriz Pintado, S.; Ortufio Alonso, M. Comparison between two equations to estimated glomerular
filtration rate. Rev Clin Esp. 2012, 212, 75-80.

Teruel JL, Rexach L, Burguera V, Gomis A, Rodriguez-Mendiola N, Diaz A, Collazo S, Quereda C. Home care programme for
patients with advanced chronic kidney disease. A two-year experience. Nefrologia. 2014, 34, 611-616.

Torreggiani M, Chatrenet A, Fois A, Moio MR, Mazé B, Coindre JP, Crochette R, Sigogne M, Wacrenier S, Lecointre L,; et al.
Elderly Patients in a Large Nephrology Unit: Who Are Our Old, Old-Old and Oldest-Old Patients? | Clin Med. 2021, 10, 1168.
Stevens, L.A.; Levey, A.S. Use of the MDRD study equation to estimate kidney function for drug dosing. Clin Pharmacol Ther.
2009, 86, 465-467.

Michels, W.M.; Grootendorst, D.C.; Verduijn, M.; Elliott, E.G.; Dekker, F.W.; Krediet, R.T. Performance of the Cockcroft-Gault,
MDRD, and new CKD-EPI formulas in relation to GFR, age, and body size. Clin ] Am Soc Nephrol. 2010, 5, 1003-1009.
Mandelli, S.; Riva, E.; Tettamanti, M.; Detoma, P.; Giacomin, A.; Lucca, U. Mortality Prediction in the Oldest Old with Five
Different Equations to Estimate Glomerular Filtration Rate: The Health and Anemia Population-based Study. PLoS ONE. 2015,
10, e0136039.

Flamant, M.; Haymann, J.P.; Vidal-Petiot, E.; Letavernier, E.; Clerici, C.; Boffa, ].J.; et al. GFR estimation using the Cockcroft-
Gault, MDRD study, and CKD-EPI equations in the elderly. Am | Kidney Dis. 2012, 60, 847-849.

Buron F, Hadj-Aissa A, Dubourg L, Morelon E, Steghens JP, Ducher M, Fauvel JP. Estimating glomerular filtration rate in kidney
transplant recipients: Performance over time of four creatinine-based formulas. Transplantation. 2011, 92, 1005-1011.

Kilbride HS, Stevens PE, Eaglestone G, Knight S, Carter JL, Delaney MP, Farmer CK, Irving J, ORiordan SE, Dalton RN; et al.
Accuracy of the MDRD (Modification of Diet in Renal Disease) study and CKD-EPI (CKD Epidemiology Collaboration)
equations for estimation of GFR in the elderly. Am | Kidney Dis. 2013, 61, 57-66.

Rivera-Caravaca JM, Ruiz-Nodar JM, Tello-Montoliu A, Esteve-Pastor MA, Quintana-Giner M, Véliz-Martinez A, Orenes-Pifiero
E, Romero-Aniorte Al, Vicente-Ibarra N, Pernias-Escrig V; et al. Disparities in the Estimation of Glomerular Filtration Rate
According to Cockcroft-Gault, Modification of Diet in Renal Disease-4, and Chronic Kidney Disease Epidemiology
Collaboration Equations and Relation With Outcomes in Patients With Acute Coronary Syndrome. | Am Heart Assoc. 2018, 7,
e008725.

Ndrepepa G, Holdenrieder S, Neumann FJ, Lahu S, Cassese S, Joner M, Xhepa E, Kufner S, Wiebe ], Laugwitz KL; et al.
Prognostic value of glomerular function estimated by Cockcroft-Gault creatinine clearance, MDRD-4, CKD-EPI and European
Kidney Function Consortium equations in patients with acute coronary syndromes. Clin Chim Acta. 2021, 523:106-13.

da Silva Selistre, L.; Rech, D.L.; de Souza, V.; Iwaz, J.; Lemoine, S.; Dubourg, L. Diagnostic Performance of Creatinine-Based
Equations for Estimating Glomerular Filtration Rate in Adults 65 Years and Older. JAMA Intern Med. 2019, 179, 796-804.
Cherney, D.ZI; Lytvyn, Y.; McCullough, P.A. Cardiovascular Risk Reduction in Patients With Chronic Kidney Disease:
Potential for Targeting Inflammation With Canakinumab. ] Am Coll Cardiol. 2018, 71, 2415-2418.

Kuo, P.H.; Kanal, E.; Abu-Alfa, A K.; Cowper, S.E. Gadolinium-based MR contrast agents and nephrogenic systemic fibrosis.
Radiology. 2007, 242, 647-649.

Polyzos, K.A.; Konstantelias, A.A.; Falagas, M.E. Risk factors for cardiac implantable electronic device infection: A systematic
review and meta-analysis. Europace. 2015, 17, 767-777.

Boriani, G.; Malavasi, V.L. Patient outcome after implant of a cardioverter defibrillator in the ‘real world’: The key role of co-
morbidities. Eur | Heart Fail. 2017, 19, 387-390.



