

  medicina-60-00612




medicina-60-00612







Medicina 2024, 60(4), 612; doi:10.3390/medicina60040612




Article



Application of the European Kidney Function Consortium Equation to Estimate Glomerular Filtration Rate: A Comparison Study of the CKiD and CKD-EPI Equations Using the Korea National Health and Nutrition Examination Survey (KNHANES 2008–2021)



Seungho Lee 1,2, Gun-Hyuk Lee 3, Hanah Kim 3, Hyun Suk Yang 4,* and Mina Hur 3,*





1



Department of Preventive Medicine, College of Medicine, Dong-A University, Busan 49201, Republic of Korea






2



Environmental Health Center for Busan, Dong-A University, Busan 49201, Republic of Korea






3



Department of Laboratory Medicine, Konkuk University School of Medicine, Seoul 05030, Republic of Korea






4



Department of Cardiovascular Medicine, Research Institute of Medical Science, Konkuk University School of Medicine, Seoul 05030, Republic of Korea









*



Correspondence: yang.hyun@gmail.com (H.S.Y.); dearmina@hanmail.net (M.H.); Tel.: +82-2-2030-7519 (H.S.Y.); +82-2-2030-5581 (M.H)







Citation: Lee, S.; Lee, G.-H.; Kim, H.; Yang, H.S.; Hur, M. Application of the European Kidney Function Consortium Equation to Estimate Glomerular Filtration Rate: A Comparison Study of the CKiD and CKD-EPI Equations Using the Korea National Health and Nutrition Examination Survey (KNHANES 2008–2021). Medicina 2024, 60, 612. https://doi.org/10.3390/medicina60040612



Academic Editor: Francis Dumler



Received: 24 February 2024 / Revised: 28 March 2024 / Accepted: 5 April 2024 / Published: 8 April 2024



Abstract

:

Background and Objectives: The European Kidney Function Consortium (EKFC) equation has been newly proposed for estimating glomerular filtration rate (eGFR) across the spectrum of age. We compared the EKFC equation with the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations in a large-scale Korean population. Materials and Methods: Using the representative Korean health examination data, the Korea National Health and Nutrition Examination Survey (KNHANES 2008–2021), the records of 91,928 subjects (including 9917 children) were analyzed. We compared the EKFC equation with CKiD, CKD-EPI 2009, and CKD-EPI 2021 equations and investigated their agreement across GFR categories. Results: In the total population, the CKD-EPI 2021 equation yielded the highest eGFR value, followed by the CKD-EPI 2009 and EKFC equations. In children, the distribution of eGFR differed significantly between the EKFC and CKiD equations (p < 0.001), with a wider range of eGFR values found with the CKiD equation. Each equation showed weak or moderate agreement on the frequency of the GFR category (κ = 0.54 between EKFC and CKD-EPI 2021; κ = 0.77 between EKFC and CKD-EPI 2009). The eGFR values found by the EKFC equation showed high or very high correlations with those by the CKiD, CKD-EPI 2009, and CKD-EPI 2021 equations (r = 0.85, 0.97, and 0.97, respectively). As eGFR values increased, bigger differences were observed between equations. Conclusions: This large-scale study demonstrates that the EKFC equation would be applicable across the entire age spectrum in Asian populations. It also underscores that national kidney health would be highly affected by an eGFR equation being implemented. Additional investigation and more caution would be warranted for the transition of eGFR equations.
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1. Introduction


Although serum creatinine (sCr) is the most commonly used kidney biomarker, the clinical interpretation of sCr concentration is not straightforward due to its inherent vulnerability to muscle mass and consequent population characteristics such as age, sex, race, and nutritional habits, etc. [1]. Glomerular filtration rate (GFR) is a useful index for assessing kidney function. Since direct measurement of GFR using inulin clearance or radio-isotope is time-consuming and impractical in clinical practice, several sCr-based equations have been developed to estimate GFR [2]. Currently, the most widely used estimated GFR (eGFR) equations are the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations for adults and the Chronic Kidney Disease in Children (CKiD) equation for children [2,3,4,5]. These equations, however, are known to have several limitations, especially in the age group transitioning from adolescents to adults [6,7].



Recently announced CKD-EPI 2021 equations were refit without a race coefficient, and the task force created by the National Kidney Foundation (NKF) and the American Society of Nephrology (ASN) recommended immediately replacing older sCr-based eGFR equations with the new CKD-EPI 2021 equation [8,9]. It has been reported that this new race-free equation would underestimate measured GFR (mGFR) in Black people and overestimate it in non-Black people [10]. Such a change was expected to increase the prevalence of chronic kidney disease (CKD) among Black people, and yield similar or lower CKD prevalence among non-Black people [10,11,12].



Contrary to the NKF-ASN task force recommendation, the European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) recommended not to implement the CKD-EPI 2021 equation in European laboratories, and rather supported implementing the newly suggested European Kidney Function Consortium (EKFC) equation [13,14]. The EKFC equation can be used across the full age range, without any discontinuity at the transition between pediatric and adult nephrology care [13]. It has been shown that the EKFC equation also performed well in the populations other than white Europeans, notably in Black populations of Europe, Brazil, and Africa [15,16,17].



Even though these newly proposed eGFR equations can be applied globally, their evaluation is mandatory before being adopted in regions other than North America or Europe, and is important, considering the conflicting recommendations on the new equations. Several studies have explored the performance of these new equations in Asian populations [18,19,20]; however, there has been only one large-scale study, and there has been no study conducted in the pediatric age group. Thus, it would be necessary to compare and verify the results of each equation in Asian populations including children, adolescent, and adults. In this study, we compared different equations (CKiD, CKD-EPI 2009, CKD-EPI 2021, and EKFC) and investigated the agreement across the GFR categories using the representative Korean health examination data.




2. Materials and Methods


2.1. Study Population


The Korea National Health and Nutrition Examination Survey (KNHANES) is a nationwide cross-sectional survey that has been conducted by the Korea Centers for Disease Control and Prevention (KCDC) since 1998 [21]. It has been performed periodically to assess the health and nutritional status in the general Korean population and consists of three component surveys: health interview, health examination, and nutrition survey. The health interview and health examination were conducted by trained staff members, including physicians. Participants were selected using proportional-allocation systematic sampling with multi-stage stratification, and their information on socioeconomic status, health-related behaviors, quality of life, healthcare utilization, anthropometric measures, biochemical and clinical profiles for non-communicable diseases, and dietary intakes was collected. The KNHANES provides statistics for health-related policies and the research infrastructure for studies on risk factors and diseases in Korea [22]. The KCDC publishes the Korea Health Statistics each year, and microdata are publicly available through the KNHANES website (http://knhanes.cdc.go.kr, accessed on 1 February 2024).



For the present study, we used the data from the KNHANES 2008–2021 (N = 115,587). Among the 115,587 eligible data, 23,659 participants with missing data were excluded, and the remaining 91,928 participants (41,113 males and 50,815 females) were included in the final dataset. Written informed consent was obtained from all participants or their parents (in the case of pediatric participants), and the study protocol was approved by the Institutional Review Board of the KCDC (IRB number: 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C, 2018-01-03-P-A, 2018-01-03-C-A, 2018-01-03-2C-A, 2018-01-03-3C-A).




2.2. Estimation of GFR and Categories


After at least eight hours of fasting, blood samples were collected in the morning and were analyzed at a central laboratory (Neodin Medical Institute, Seoul, Republic of Korea). sCr concentration was determined by the Jaffe rate-blanked and compensated method using a Hitachi automated analyzer 7600 (Hitachi, Tokyo, Japan) before 2013, and a Hitachi automated analyzer 7600-210 (Hitachi, Tokyo, Japan) until 2018. From 2019, sCr concentration was measured by Kinetic colorimetric assay using Cobas 8000 analyzer (Roche Diagnostics, Mannheim, Germany). Based on the sCr concentration, eGFR by CKiD equation was derived for children (≤18 years), eGFR by CKD-EPI equations were derived for adults (≥19 years), and eGFR by EKFC equation was derived for all age groups. The eGFR (mL/min/1.73 m2) was calculated using the four equations as follows.



	(a)

	
CKiD:









eGFR = 41.3 × (height/100)/(sCr/88.4).








height is expressed in centimeter in the equation.



	(b)

	
CKD-EPI 2009 equation:









eGFR = 141 × min (sCr/κ, 1)α × max (sCr/κ, 1)−1.209 × 0.993Age (× 1.018, if female).








κ is 0.9 (for males) and 0.7 (for females). α is −0.411 (for males) and −0.329 (for females). min and max indicate the minimum and the maximum of sCr/κ or 1, respectively.



	(c)

	
CKD-EPI 2021 equation:









eGFR = 142 × min (sCr/κ, 1)α × max (sCr/κ, 1)−1.200 × 0.9938Age (× 1.012, if female).








κ is 0.9 (for males) and 0.7 (for females). α is −0.302 (for males) and −0.241 (for females). min and max indicate the minimum and the maximum of sCr/κ or 1, respectively.



	(d)

	
EKFC equation:









eGFR = 107.3 × (sCr/Q)−0.322 (for aged 2–40 years & sCr/Q < 1); eGFR = 107.3 × (sCr/Q)−1.132 (for aged 2–40 years & sCr/Q ≥ 1); eGFR = 107.3 × (sCr/Q)−0.322 × 0.990(Age − 40) (for aged over 40 years & sCr/Q < 1); eGFR = 107.3 × (sCr/Q)−1.132 × 0.990(Age − 40) (for aged over 40 years & sCr/Q ≥ 1).










ln(Q) = 3.200 + 0.259 × age − 0.543 × ln(age) − 0.00763 × age2 + 0.0000790 × age3, for aged 2–25 years and males; ln(Q) = 3.080 + 0.177 × age − 0.223 × ln(age) − 0.00596 × age2 + 0.0000686 × A3, for aged 2–25 years and females; Q = 80 µmol/L, for aged over 25 years and males; Q = 62 µmol/L, for aged over 25 years and females.








According to the Kidney Disease Improving Global Outcomes (KDIGO) guidelines, six GFR categories were used to assess each eGFR (mL/min/1.73 m2, G1: ≥90, G2: 60–89, G3a: 45–59, G3b: 30–44, G4: 15–29, G5: <15). Reduced GFR corresponded to eGFR ≤ 60 mL/min/1.73 m2 [3].




2.3. Statistical Analysis


Data were expressed as median and interquartile range (IQR) for continuous variables and as numbers and percentages for categorical or binary variables. All continuous variables were tested for normality using Kolmogorov–Smirnov nonparametric tests. The full distribution of eGFR was displayed using violin plots with summary statistics, and the data probability density at different values was compared using survey strata by sex, age group (≤18, 19–25, 26–40, 41–60, and >60 years), and body mass index (BMI: kg/m2; <18.5, 18.5 to <23.0, 23.0 to <25.0, 25.0 to <30.0, and ≥30.0). The agreement on frequency of the KDIGO categories according to each eGFR equation was assessed using Cohen’s kappa (κ) with 95% confidence interval (CI), which was interpreted as follows: ≤0.20, none; 0.21–0.39, minimal; 0.40–0.59, weak; 0.60–0.79, moderate; 0.80–0.90, strong; and >0.90, nearly perfect [23]. The eGFRs by different equations were compared using the Passing–Bablok regression and Bland–Altman plots, according to the CLSI guidelines (EP09-ED3) [24]. The scatter plots were used to identify the correlation or difference between equations. In the Passing–Bablok regression, the correlation coefficients (r) were interpreted as follows: <0.30, negligible; 0.30–0.49, low; 0.50–0.69, moderate; 0.70–0.89, high; and ≥0.90, very high correlations [25]. In the Bland–Altman plots, the results were interpreted informally to observe how big the mean difference is and whether there is a trend of difference [26]. Using the receiver operating characteristic (ROC) curve analyses, the area under the curve (AUC) of each variable (eGFR equations, sCr, age, and BMI) was compared for predicting >95% difference between the two eGFR equations. The Mann–Whitney U test and Chi-squared test were used to compare variables or proportions, as appropriate. Statistical analyses were conducted using the MedCalc Statistical Software (version 22.019, MedCalc Software Ltd., Ostend, Belgium), and a two-tailed p value < 0.05 was considered statistically significant.





3. Results


Table 1 shows the distribution of clinical and laboratory parameters by age group. The median values of sCr concentration ranged from 0.68 to 0.81 mg/dL in the study population; sCr concentration showed higher values in males than in females across each age group (0.74–0.95 mg/dL vs. 0.62–0.71 mg/dL), with the lowest values found in the age group ≤18 years. Figure 1 shows the distribution of eGFR using each equation. In the age group >18 years, the CKD-EPI 2021 equation showed the highest value, followed by the CKD-EPI 2009 and EKFC equations (median [IQR]; 99.29 [88.56–109.94] vs. 94.68 [83.55–106.13] vs. 90.69 [78.88–102.55] mL/min/1.73 m2, respectively). In the age group ≤18 years, the median (IQR) eGFR values using the CKiD and EKFC equations were 98.00 (86.21–110.74) and 100.09 (89.61–108.67) mL/min/1.73 m2, respectively. Although the difference of median eGFR values was 2.09 mL/min/1.73 m2, the distribution of eGFR values showed a more than two-fold wider range when using the CKiD equation than using the EKFC equation (range, 172.74 vs. 84.81 mL/min/1.73 m2). Differently from the EKFC equation, the CKiD equation showed the long-tailed outside points above the upper adjacent value.



Table 2 shows the comparison of eGFR using each equation. In the total population, the CKD-EPI 2021 equation yielded the highest eGFR value, followed by the CKD-EPI 2009 and EKFC equations. Such findings were constantly observed when they were stratified into subgroups of sex, age, and BMI. Generally, the eGFR values tended to decrease with increasing age among adults; however, eGFR values found by the EKFC equation increased slightly in the young adult population (age: 19–40 years). As BMI increased, the eGFR value decreased except for in the severely obese group (BMI > 30 kg/m2). The frequency of KDIGO categories according to each eGFR equation is presented in Table 3. In the adult population, the combined proportion of G1 and G2 was 96.2% by the CKD-EPI 2009, 97.4% by the CKD-EPI 2021, and 94.7% by the EKFC equation, showing significant differences (all p < 0.0001). Each equation showed weak or moderate agreement on the frequency of KDIGO categories (κ = 0.54 between the EKFC and CKD-EPI 2021; κ = 0.77 between the EKFC and CKD-EPI 2009). In children, the combined proportion of G1 and G2 was same (99.8%) by both the CKiD and EKFC equations, although each G1 and G2 proportion showed significant differences between the CKiD and EKFC equations (all p < 0.0001).



Figure 2 shows the relationship between each equation; eGFR values found by the CKiD, CKD-EPI 2009, and CKD-EPI 2021 equations showed high or very high correlations with those by the EKFC equation (r = 0.85, 0.97, and 0.97, respectively). However, the existence of proportional bias indicated that the two equations do not agree equally through the range of eGFR values. As eGFR values increased, bigger differences were observed. When we further searched for the factors predicting >95% difference between the two eGFR equations, age was the strongest predictor in adults (AUC = 0.993 with the cut-off of ≤26 years between CKD-EPI 2009 and EKFC equations) (Figure 3). In children, the EKC equation with an eGFR value > 110.37 mL/min/1.73 m2 was the strongest predictor for such a difference (AUC = 0.884), with the proportion of 14.8% (1465/9917 subjects). Compared with the low EKFC subgroup, the high EKFC subgroup showed significant differences in terms of demographic, clinical, and laboratory data (all p < 0.001 except for HbA1c) (Table 4). The proportion with >95% difference of eGFR values between the CKiD and EKFC equations was significantly higher in the high EKFC group than in the low EKFC group (22.9% vs. 1.5%, p < 0.001).




4. Discussion


This was a large-scale study that was conducted in the Asian population spanning children, adolescents, and adults to explore the application of newly proposed eGFR equations. Using a representative Korean health data that was collected for 14 years (the KNHANES data 2008–2021), we analyzed 91,928 nationwide records including 9917 for children. Our data showed that there was a consistent difference in eGFRs by each equation across all age groups. In adults, compared with the CKD-EPI 2009 equation, the EKFC and CKD-EPI 2021 equations shifted the distribution of eGFRs significantly in the opposite direction (p < 0.001). Our finding is in line with previous studies [15,16,17,18,19]. A previous large-scale study on the Korean general population (approximately 100,000 adults) showed potential implications for CKD prevalence across different eGFR equations [18]. Given that the current CKD prevalence in the adult population (5.8% as of 2022) is derived from the CKD-EPI 2009 equation in Korea, implementing these new eGFR equations would bring about a sizable change in the CKD prevalence; it would be overestimated by the EKFC equation, while it would be underestimated by the CKD-EPI 2021 equation [18].



In the present study, one of the noticeable findings is the distribution of eGFRs in children, showing a significant difference between the CKiD and EKFC equations (p < 0.001). The EKFC equation showed a relatively concentrated distribution of eGFR; on the contrary, the CKiD equation showed a much wider range of eGFR values, especially with an upward long tail. Regarding the frequency of KDIGO categories, the two equations showed moderate agreement. However, the EKFC equation showed a significantly higher G1 proportion than the CKiD equation (73.8% vs. 67.5%, p < 0.0001), and the same proportional gap of 6.3% was observed in the G2 proportion by each equation (26.0% vs. 32.3%, p < 0.0001). Accordingly, the combined proportion (G1 and G2) implying normal kidney function accounted for 99.8% of the subjects by using both equations. Given that our data were derived from the general pediatric population, most of whom are assumed to have normal kidney function, the EKFC equation seems to be a reasonable clinical tool for assessing GFR in the pediatric population. Further studies are warranted to validate the applicability of the EKFC equation in pediatric populations with various ethnicities and clinical settings.



Although the equations showed high or very high correlations in the eGFR values, they also showed a proportional difference as eGFR values increased. Of note, age was the strongest predictor of eGFR difference in adults between the CKD-EPI 2009 and EKFC equations (AUC = 0.993) with the age cut-off of ≤26 years. Our data demonstrate that eGFR may differ considerably in the young age group (18–25 years); in addition to the age cut-off of 40 years, it also provides the rationale of using the proposed cut-off of 26 years for calculating Q value in the EKFC equation [6,13,17,27]. At the transition age of 18 years, implausible increases in eGFR have been observed when switching from the height-dependent CKiD equation in children to the age-dependent CKD-EPI equation in adults [3,7]. Lack of height data would also preclude an automatic reporting of CKiD-based eGFR in clinical laboratories [7]. In our data, approximately 15% of the pediatric population (1465/9917 subjects) showed the eGFR > 110.37 mL/min/1.73 m2 by the EKFC equation. In this high EKFC group, median eGFR values between the CKiD and EKFC equations showed a significant difference than in the low EKFC group (12.1 vs. −0.9 mL/min/1.73 m2); it implies that as GFR increases, eGFRs found by the CKiD equation may increase more profoundly than eGFRs found by the EKFC equation (median eGFR difference: 30.5 vs. 16.2 mL/min/1.73 m2, respectively). This finding also suggests that flawed increases in kidney function would be decreased when using EKFC equation, although all current eGFR equations have their own limits of accuracy and precision [17].



This study is limited in that it was a retrospective analysis using cross-sectional data from the national health and nutrition examination survey. During the 14-year period, sCr concentration was measured with three different methods, and this approach may have the potential to bias the results. Additionally, due to the limited data availability, we could neither analyze eGFR in comparison with mGFR nor extend our evaluation including cystatin-C-based eGFR equations [17,28,29]. Moreover, without in-depth clinical information and repeated sCr measurements, we could not explore the association between eGFR changes and detailed clinical outcomes in various clinical settings [30,31,32,33,34]. Nevertheless, the strength of our study is that the present data were obtained from a large number of enrolled subjects, who reflect the general Korean population.




5. Conclusions


In conclusion, considering the rarity of this kind of large-scale study in Asian populations, especially in pediatric populations worldwide, our study provides some fundamental data that can form the basis of further research. Our data demonstrate that different eGFR equations would affect the epidemiological data on kidney function and lead to considerable changes in national kidney health. The current usage of eGFR equations is not uniform across different healthcare systems, and the transition of eGFR equations to the newly proposed equations is expected to occur gradually in a heterogenous way. Considering the conflicting recommendations on the newly proposed equation, more caution would be mandatory regarding the transition to eGFR equations in each region. For not only national kidney health, but also global kidney health, an increasing body of evidence should be accumulated to reach the international consensus on a unified appropriate eGFR equation. Although the limits of each eGFR equation should be acknowledged, we can conclude that the EKFC equation would be applicable across the full age spectrum, including children and young adults, in the Asian populations.







Author Contributions


Conceptualization, M.H. and H.S.Y.; Data curation, S.L. and G.-H.L.; Formal analysis, S.L. and H.S.Y.; Investigation, M.H. and H.K.; Methodology, S.L.; Project administration, M.H.; Resources, S.L. and H.S.Y.; Supervision, M.H.; Visualization, S.L., M.H. and H.S.Y.; Writing —original draft, S.L. and M.H.; Writing—review and editing, S.L., M.H., H.K., G.-H.L. and H.S.Y. 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 conducted in accordance with the Declaration of Helsinki, and the study protocol was approved (last approval on 3 January 2018) by the Institutional Review Board of the KCDC (IRB number: 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C, 2018-01-03-P-A, 2018-01-03-C-A, 2018-01-03-2C-A, 2018-01-03-3C-A).




Informed Consent Statement


Written informed consent was obtained from all participants or their parents (in case of pediatric participants).




Data Availability Statement


The data presented in this study are available on request from the corresponding authors.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Delanaye, P.; Pottel, H.; Cavalier, E.; Flamant, M.; Stehlé, T.; Mariat, C. Diagnostic Standard: Assessing Glomerular Filtration Rate. Nephrol. Dial. Transplant. 2023. online ahead of print. [Google Scholar] [CrossRef]

	



Levey, A.S.; Coresh, J.; Tighiouart, H.; Greene, T.; Inker, L.A. Measured and Estimated Glomerular Filtration Rate: Current Status and Future Directions. Nat. Rev. Nephrol. 2020, 16, 51–64. [Google Scholar] [CrossRef] [PubMed]

	



Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int. Suppl. 2013, 3, 1–150. [Google Scholar]

	



Guideline Updates Team (UK); National Institute for Health and Care Excellence. Evidence Reviews for the Diagnostic Accuracy of eGFR Calculations in Adults, Children, and Young People from Black, Asian and Other Minority Ethnic Groups with Chronic Kidney Disease. In NICE Guideline NG203; NICE Evidence Reviews Collection: London, UK, 2021; ISBN 978-1-4731-4233-6. [Google Scholar]

	



Schwaderer, A.L.; Maier, P.; Greenbaum, L.A.; Furth, S.L.; Schwartz, G.J. Application of GFR Estimating Equations to Children with Normal, Near-normal, or Discordant GFR. Pediatr. Nephrol. 2023, 38, 4051–4059. [Google Scholar] [CrossRef] [PubMed]

	



Pottel, H.; Björk, J.; Bökenkamp, A.; Berg, U.; Åsling-Monemi, K.; Selistre, L.; Dubourg, L.; Hansson, M.; Littmann, K.; Jones, I.; et al. Estimating Glomerular Filtration Rate at the Transition from Pediatric to Adult Care. Kidney Int. 2019, 95, 1234–1243. [Google Scholar] [CrossRef] [PubMed]

	



Björk, J.; Nyman, U.; Larsson, A.; Delanaye, P.; Pottel, H. Estimation of the Glomerular Filtration Rate in Children and Young Adults by Means of the CKD-EPI Equation with Age-Adjusted Creatinine Values. Kidney Int. 2021, 99, 940–947. [Google Scholar] [CrossRef] [PubMed]

	



Miller, W.G.; Kaufman, H.W.; Levey, A.S.; Straseski, J.A.; Wilhelms, K.W.; Yu, H.E.; Klutts, J.S.; Hilborne, L.H.; Horowitz, G.L.; Lieske, J.; et al. National Kidney Foundation Laboratory Engagement Working Group Recommendations for Implementing the CKD-EPI 2021 Race-Free Equations for Estimated Glomerular Filtration Rate: Practical Guidance for Clinical Laboratories. Clin. Chem. 2022, 68, 511–520. [Google Scholar] [CrossRef] [PubMed]

	



Meeusen, J.W.; Kasozi, R.N.; Larson, T.S.; Lieske, J.C. Clinical Impact of the Refit CKD-EPI 2021 Creatinine-Based eGFR Equation. Clin. Chem. 2022, 68, 534–539. [Google Scholar] [CrossRef] [PubMed]

	



Inker, L.A.; Eneanya, N.D.; Coresh, J.; Tighiouart, H.; Wang, D.; Sang, Y.; Crews, D.C.; Doria, A.; Estrella, M.M.; Froissart, M.; et al. New Creatinine- and Cystatin C-based Equations to Estimate GFR Without Race. N. Engl. J. Med. 2021, 385, 1737–1749. [Google Scholar] [CrossRef]

	



Delgado, C.; Baweja, M.; Crews, D.C.; Eneanya, N.D.; Gadegbeku, C.A.; Inker, L.A.; Mendu, M.L.; Miller, W.G.; Moxey-Mims, M.M.; Roberts, G.V.; et al. A Unifying Approach for GFR Estimation: Recommendations of the NKF-ASN Task Force on Reassessing the Inclusion of Race in Diagnosing Kidney Disease. Am. J. Kidney Dis. 2022, 79, 268–288. [Google Scholar] [CrossRef] [PubMed]

	



Duggal, V.; Thomas, I.C.; Montez-Rath, M.E.; Chertow, G.M.; Tamura, M.K. National Estimates of CKD Prevalence and Potential Impact of Estimating Glomerular Filtration Rate without Race. J. Am. Soc. Nephrol. 2021, 32, 1454–1463. [Google Scholar] [CrossRef] [PubMed]

	



Pottel, H.; Björk, J.; Courbebaisse, M.; Couzi, L.; Ebert, N.; Eriksen, B.O.; Dalton, R.N.; Dubourg, L.; Gaillard, F.; Garrouste, C.; et al. Development and Validation of a Modified Full Age Spectrum Creatinine-Based Equation to Estimate Glomerular Filtration Rate: A Cross-Sectional Analysis of Pooled Data. Ann. Intern. Med. 2021, 174, 183–191. [Google Scholar] [CrossRef] [PubMed]

	



Delanaye, P.; Schaeffner, E.; Cozzolino, M.; Langlois, M.; Plebani, M.; Ozben, T.; Cavalier, E. The New, Race-Free, Chronic Kidney Disease Epidemiology Consortium (CKD-EPI) Equation to Estimate Glomerular Filtration Rate: Is It Applicable in Europe? A position Statement by the European Federation of Clinical Chemistry and Laboratory Medicine (EFLM). Clin. Chem. Lab. Med. 2023, 61, 44–47. [Google Scholar] [CrossRef] [PubMed]

	



Houlind, M.B.; Iversen, E.; Curovic, V.R.; Jørgensen, M.B.; Andersen, A.; Gustafsson, F.; Nelson, L.M.S.; Perch, M.; Damgaard, M.; Persson, F.; et al. Performance of the 2009 CKDEPI, 2021 CKDEPI, and EKFC Equations Among High-Risk Patients in Denmark. Clin. Chem. Lab. Med. 2023, 61, e192–e195. [Google Scholar] [CrossRef] [PubMed]

	



Delanaye, P.; Vidal-Petiot, E.; Björk, J.; Ebert, N.; Eriksen, B.O.; Dubourg, L.; Grubb, A.; Hansson, M.; Littmann, K.; Mariat, C.; et al. Performance of Creatinine-Based Equations to Estimate Glomerular Filtration Rate in White and Black Populations in Europe, Brazil and Africa. Nephrol. Dial. Transpl. 2023, 38, 106–118. [Google Scholar] [CrossRef] [PubMed]

	



Pottel, H.; Delanaye, P.; Cavalier, E. Exploring Renal Function Assessment: Creatinine, Cystatin C, and Estimated Glomerular Filtration Rate Focused on the European Kidney Function Consortium Equation. Ann. Lab. Med. 2024, 44, 135–143. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.; Hur, M.; Lee, S.; Lee, G.H.; Moon, H.W.; Yun, Y.M. European Kidney Function Consortium Equation vs. Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) refit equations for estimating glomerular filtration rate: Comparison with CKD-EPI equations in the Korean population. J. Clin. Med. 2022, 11, 4323. [Google Scholar] [CrossRef] [PubMed]

	



Jeong, T.D.; Hong, J.; Lee, W.; Chun, S.; Min, W.K. Accuracy of the New Creatinine-Based Equations for Estimating Glomerular Filtration Rate in Koreans. Ann. Lab. Med. 2023, 43, 244–252. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, L.; Li, H.L.; Liu, H.J.; Ma, J.; Liu, W.; Huang, J.M.; Wei, L.G.; Xie, P. Validation of the EKFC Equation for Glomerular Filtration Rate Estimation and Comparison with the Asian-Modified CKD-EPI equation in Chinese Chronic Kidney Disease Patients in an External Study. Ren. Fail. 2023, 45, 2150217. [Google Scholar] [CrossRef] [PubMed]

	



Kweon, S.; Kim, Y.; Jang, M.J.; Kim, Y.; Kim, K.; Choi, S.; Chun, C.; Khang, Y.H.; Oh, K. Data Resource Profile: The Korea National Health and Nutrition Examination Survey (KNHANES). Int. J. Epidemiol. 2014, 43, 69–77. [Google Scholar] [CrossRef] [PubMed]

	



Jeong, T.D.; Lee, W.; Chun, S.; Lee, S.K.; Ryu, J.S.; Min, W.K.; Park, J.S. Comparison of the MDRD Study and CKD-EPI Equations for the Estimation of the Glomerular Filtration Rate in the Korean General Population: The Fifth Korea National Health and Nutrition Examination Survey (KNHANES V-1), 2010. Kidney Blood Press. Res. 2013, 37, 443–450. [Google Scholar] [CrossRef] [PubMed]

	



McHugh, M.L. Interrater Reliability: The Kappa Statistic. Biochem. Med. 2012, 22, 276–282. [Google Scholar] [CrossRef]

	



Clinical and Laboratory Standards Institute. Measurement Procedure Comparison and Bias Estimation Using Patient Samples, 3rd ed.; CLSI Guideline EP09c; Clinical and Laboratory Standards Institute: Wayne, PA, USA, 2018; ISBN 978-1-68440-006-5. [Google Scholar]

	



Mukaka, M.M. A Guide to Appropriate Use of Correlation Coefficient in Medical Research. Malawi. Med. J. 2012, 24, 69–71. [Google Scholar] [PubMed]

	



Bland, J.M.; Altman, D.G. Statistical Methods for Assessing Agreement between Two Methods of Clinical Measurement. Lancet 1986, 1, 307–310. [Google Scholar] [CrossRef]

	



Nyman, U.; Björk, J.; Delanaye, P.; Lahens, A.; Pottel, H.; Vidal-Petiot, E.; Flamant, M. Rescaling Creatinine Makes GFR Estimation Equations Generally Applicable Across Populations—Validation Results for the Lund-Malmö Equation in a French Cohort of Sub-Saharan Ancestry. Clin. Chem. Lab. Med. 2024, 62, 421–427. [Google Scholar] [CrossRef]

	



Ji, M.; Lee, Y.H.; Hur, M.; Kim, H.; Cho, H.I.; Yang, H.S.; Navarin, S.; Di Somma, S.; GREAT Network. Comparing Results of Five Glomerular Filtration Rate-Estimating Equations in the Korean General Population: MDRD Study, Revised Lund-Malmö, and Three CKD-EPI Equations. Ann. Lab. Med. 2016, 36, 521–528. [Google Scholar] [CrossRef]

	



Levey, A.S.; Inker, L.A.; Coresh, J. GFR Estimation: From Physiology to Public Health. Am. J. Kidney Dis. 2014, 63, 820–834. [Google Scholar] [CrossRef] [PubMed]

	



Lim, Y.; Lee, M.H.; Lee, S.K.; Jeong, S.; Han, H.W. Increased Estimated GFR Is Negatively Associated with the Risk of SARS-CoV-2 Infection and Severe COVID-19 Within Normal to Mildly Decreased Levels: Nested Case-Control Study. J. Korean Med. Sci. 2023, 38, e415. [Google Scholar] [CrossRef] [PubMed]

	



Wallace, A.S.; Chang, A.R.; Shin, J.I.; Reider, J.; Echouffo-Tcheugui, J.B.; Grams, M.E.; Selvin, E. Obesity and Chronic Kidney Disease in US Adults with Type 1 and Type 2 Diabetes Mellitus. J. Clin. Endocrinol. Metab. 2022, 107, 1247–1256. [Google Scholar] [CrossRef] [PubMed]

	



Kuppachi, S.; Norman, S.P.; Lentine, K.L.; Axelrod, D.A. Using Race to Estimate Glomerular Filtration and Its Impact in Kidney Transplantation. Clin. Transpl. 2021, 35, e14136. [Google Scholar] [CrossRef] [PubMed]

	



Mc Causland, F.R.; Claggett, B.L.; Vaduganathan, M.; Desai, A.; Jhund, P.; Vardeny, O.; Fang, J.C.; de Boer, R.A.; Docherty, K.F.; Hernandez, A.F.; et al. Decline in Estimated Glomerular Filtration Rate After Dapagliflozin in Heart Failure with Mildly Reduced or Preserved Ejection Fraction A Prespecified Secondary Analysis of the DELIVER Randomized Clinical Trial. JAMA Cardiol. 2024, 9, 144–152. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Z.; Zhu, M.; Wang, Z.; Zhang, H. Associations Between Different eGFR Estimating Equations and Mortality for CVD Patients: A Retrospective Cohort Study Based on the NHANES Database. Medicine 2022, 101, e30726. [Google Scholar] [CrossRef]








[image: Medicina 60 00612 g001] 





Figure 1. Distribution of estimated GFR with CKiD, EKFC, CKD-EPI 2009, and CKD-EPI 2021 equations. 
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Figure 2. Relationships between CKiD, CKD-EPI 2009, and CKD-EPI 2021 with EKFC equations. 
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Figure 3. Receiver operating characteristic (ROC) curves for predicting >95% difference between the two eGFR equations. Abbreviations: AUC, are under the curve; Sen, sensitivity; Spe, specificity. 
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Table 1. Distribution of clinical and laboratory parameters by age group.
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Age Group




	
≤18 Years

	
19–25 Years

	
26–40 Years

	
41–60 Years

	
>60 Years






	
Total

	

	

	

	

	




	
N

	
9917

	
6225

	
19,309

	
30,674

	
25,803




	
BMI (kg/m2)

	
20.2 (18.0–22.9)

	
21.7 (19.7–24.4)

	
23.0 (20.7–25.7)

	
23.9 (21.9–26.0)

	
24.0 (22.0–26.0)




	
SBP (mm Hg)

	
106 (100–113)

	
108 (101–116)

	
109 (102–118)

	
117 (107–128)

	
127 (116–139)




	
DBP (mm Hg)

	
66 (60–72)

	
71 (65–76)

	
73 (68–80)

	
78 (71–85)

	
74 (68–81)




	
sCr (mg/dL)

	
0.68 (0.59–0.80)

	
0.80 (0.69–0.93)

	
0.80 (0.68–0.93)

	
0.79 (0.68–0.92)

	
0.81 (0.70–0.96)




	
Glucose (mg/dL)

	
90 (86–95)

	
88 (84–92)

	
91 (86–97)

	
96 (89–104)

	
99 (92–112)




	
Hb A1c (%)

	
5.4 (5.2–5.6)

	
5.3 (5.1–5.5)

	
5.4 (5.2–5.6)

	
5.6 (5.4–5.9)

	
5.9 (5.6–6.4)




	
TC (mg/dL)

	
159 (142–177)

	
170 (151–190)

	
184 (163–207)

	
195 (172–220)

	
186 (160–212)




	
TG (mg/dL)

	
74 (53–104)

	
75 (56–108)

	
94 (64–147)

	
114 (77–173)

	
117 (83–165)




	
Male

	

	

	

	

	




	
N

	
5298

	
2841

	
8448

	
13,247

	
11,279




	
BMI (kg/m2)

	
20.5 (18.2–23.5)

	
23.0 (20.8–25.6)

	
24.5 (22.4–26.9)

	
24.5 (22.6–26.4)

	
23.7 (21.7–25.6)




	
SBP (mm Hg)

	
109 (102–116)

	
114 (107–121)

	
115 (108–123)

	
120 (111–130)

	
126 (115–137)




	
DBP (mm Hg)

	
67 (60–73)

	
73 (68–80)

	
78 (72–85)

	
81 (74–88)

	
74 (68–81)




	
sCr (mg/dL)

	
0.74 (0.60–0.88)

	
0.94 (0.88–1.02)

	
0.95 (0.88–1.03)

	
0.94 (0.86–1.02)

	
0.95 (0.85–1.08)




	
Glucose (mg/dL)

	
91 (87–96)

	
89 (84–93)

	
93 (88–99)

	
99 (92–109)

	
101 (93–114)




	
Hb A1c (%)

	
5.4 (5.3–5.6)

	
5.3 (5.1–5.5)

	
5.5 (5.3–5.7)

	
5.7 (5.4–6.0)

	
5.9 (5.5–6.4)




	
TC (mg/dL)

	
155 (138–173)

	
169 (150–190)

	
191 (168–214)

	
194 (171–218)

	
178 (154–203)




	
TG (mg/dL)

	
72 (51–102)

	
89 (63–129)

	
125 (85–190)

	
141 (96–213)

	
115 (81–167)




	
Female

	

	

	

	

	




	
N

	
4619

	
3384

	
10,861

	
17,427

	
14,524




	
BMI (kg/m2)

	
19.8 (17.9–22.1)

	
20.8 (19.1–23.0)

	
21.8 (19.9–24.2)

	
23.3 (21.4–25.7)

	
24.2 (22.2–26.4)




	
SBP (mm Hg)

	
104 (98–110)

	
104 (98–110)

	
105 (99–111)

	
114 (105–126)

	
128 (117–140)




	
DBP (mm Hg)

	
66 (60–71)

	
69 (63–74)

	
70 (65–76)

	
75 (69–82)

	
74 (68–81)




	
sCr (mg/dL)

	
0.62 (0.55–0.70)

	
0.70 (0.63–0.76)

	
0.70 (0.62–0.76)

	
0.70 (0.63–0.77)

	
0.71 (0.64–0.81)




	
Glucose (mg/dL)

	
90 (85–94)

	
87 (83–91)

	
89 (85–95)

	
94 (88–101)

	
98 (91–110)




	
Hb A1c (%)

	
5.4 (5.2–5.6)

	
5.3 (5.1–5.5)

	
5.40 (5.2–5.6)

	
5.6 (5.4–5.9)

	
5.9 (5.6–6.3)




	
TC (mg/dL)

	
162 (147–180)

	
171 (153–190)

	
179 (159–201)

	
196 (174–221)

	
192 (166–219)




	
TG (mg/dL)

	
77 (56–105)

	
68 (51–92)

	
75 (55–111)

	
97 (69–143)

	
118 (85–164)








Data are presented as median (interquartile range). Male (10–80 years), female (9–80 years). Abbreviations: N, number; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; sCr, serum creatinine; TC, total cholesterol; TG, triglyceride; Hb, hemoglobin.













 





Table 2. Comparison of estimated glomerular filtration rates (mL/min/1.73 m2) using each equation.
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CKD-EPI 2009

	
CKD-EPI 2021

	
EKFC




	
Category

	
N

	
Median (IQR)

	
N

	
Median (IQR)

	
N

	
Median (IQR)






	
Total

	
82,011

	
94.68

(83.55–106.13)

	
82,011

	
99.29

(88.56–109.94)

	
91,928

	
91.84

(79.90–103.95)




	
Sex

	

	

	




	
Male

	
35,815

	
92.03

(81.24–102.87)

	
35,815

	
96.91

(86.26–107.05)

	
41,113

	
89.86

(78.99–100.95)




	
Female

	
46,196

	
97.02

(85.61–108.71)

	
46,196

	
101.30

(90.53–112.05)

	
50,815

	
93.17

(80.91–105.82)




	
Age (years)

	

	

	

	

	

	




	
≤18

	
9917 *

	
98.00

(86.21–110.74)

	

	
-

	
9917

	
100.09

(89.61–108.64)




	
19–25

	
6225

	
119.38

(106.36–125.36)

	
6225

	
122.31

(109.13–127.45)

	
6225

	
104.92

(94.31–109.67)




	
26–40

	
19,309

	
109.40

(97.57–115.83)

	
19,309

	
113.27

(101.23–118.75)

	
19,309

	
107.37

(95.83–110.33)




	
41–60

	
30,674

	
96.82

(86.64–103.19)

	
30,674

	
101.70

(91.12–107.34)

	
30,674

	
93.38

(85.17–100.46)




	
>60

	
25,803

	
82.47

(70.91–89.96)

	
25,803

	
88.30

(76.04–95.32)

	
25,803

	
75.53

(65.69–82.77)




	
BMI (kg/m2)

	

	

	

	

	

	




	
<18.5

	
3792

	
103.23

(88.82–115.62)

	
3792

	
106.79

(93.47–118.51)

	
6804

	
100.28

(88.24–108.71)




	
18.5 to <23.0

	
31,672

	
97.40

(86.02–108.98)

	
31,672

	
101.63

(91.02–112.51)

	
36,211

	
93.78

(81.95–105.82)




	
23.0 to <25.0

	
19,097

	
92.61

(82.10–102.94)

	
19,097

	
97.33

(87.16–107.03)

	
20,212

	
88.91

(77.96–100.07)




	
25.0 to <30.0

	
23,560

	
91.95

(80.65–102.46)

	
23,560

	
96.85

(85.55–106.62)

	
24,581

	
88.31

(77.06–99.84)




	
≥30.0

	
3890

	
97.45

(84.73–109.17)

	
3890

	
101.81

(89.65–112.72)

	
4120

	
94.16

(81.27–106.29)








* The eGFR was derived using the CKiD equation for this age group (≤18 years). Abbreviations: N, number; IQR, interquartile range; BMI, body mass index.













 





Table 3. Frequency of KDIGO categories according to each eGFR equation.
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G1:

≥90

	
G2:

60 to <90

	
G3a:

45 to <60

	
G3b:

30 to <45

	
G4:

15 to <30

	
G5:

<15

	
Kappa *

(95% CI)




	
N (%)

	
N (%)

	
N (%)

	
N (%)

	
N (%)

	
N (%)






	
Children (N = 9917)

	

	

	

	




	
CKiD

	
6692 (67.5)

	
3206 (32.3)

	
19 (0.2)

	
-

	
0.64

(0.62–0.65)




	
EKFC

	
7323 (73.8)

	
2579 (26.0)

	
15 (0.2)

	
-

	




	
Adults (N = 82,011)

	

	

	

	

	

	




	
CKD-EPI 2009

	
50,255 (61.3)

	
28,590 (34.9)

	
2371 (2.9)

	
577 (0.7)

	
158 (0.2)

	
60 (0.1)

	
0.77

(0.77–0.77)




	
CKD-EPI 2021

	
59,195 (72.2)

	
20,637 (25.2)

	
1600 (2.0)

	
400 (0.5)

	
126 (0.2)

	
53 (0.1)

	
0.54

(0.53–0.54)




	
EKFC

	
42,219 (51.5)

	
35,427 (43.2)

	
3343 (4.1)

	
794 (1.0)

	
172 (0.2)

	
56 (0.1)

	




	
Total (N = 91,928)

	

	

	

	

	

	




	
EKFC

	
49,542 (53.9)

	
38,006 (41.3)

	
3358 (3.7)

	
794 (0.9)

	
172 (0.2)

	
56 (0.1)

	








* Each kappa value represents the agreement with the eGFR derived from EKFC equation. Abbreviations: N, number; CI, confidence interval.













 





Table 4. Comparison between groups with high EKFC (>110.37 mL/min/1.73 m2) and low EKFC in subjects aged 18 or younger.
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	High EKFC

(N = 1465)
	Low EKFC

(N = 8452)
	p Value





	Female, N
	859 (58.6%)
	3760 (44.5%)
	<0.001



	Age, years
	13.0 (11.0–15.0)
	14.0 (12.0–16.0)
	<0.001



	CKiD (mL/min/1.73 m2)
	125.3 (116.8–134.1)
	94.8 (84.2–105.2)
	<0.001



	EKFC (mL/min/1.73 m2)
	112.8 (111.5–114.7)
	96.6 (88.2–106.0)
	<0.001



	CKiD–EKFC (mL/min/1.73 m2)
	12.1 (4.6–20.1)
	−0.9 (−6.6–4.6)
	<0.001



	Difference between CKiD and EKFC > 95%, N
	336 (22.9%)
	128 (1.5%)
	<0.001



	BMI (kg/m2)
	19.6 (17.3–22.4)
	20.3 (18.1–22.9)
	<0.001



	Systolic BP (mm Hg)
	106.0 (99.0–112.0)
	107.0 (100.0–114.0)
	<0.001



	Diastolic BP (mm Hg)
	65.0 (59.0–71.0)
	67.0 (61.0–72.0)
	<0.001



	Serum creatinine (mg/dL)
	0.50 (0.47–0.56)
	0.70 (0.60–0.81)
	<0.001



	Fasting glucose (mg/dL)
	91.0 (87.0–96.0)
	90.0 (86.0–950.)
	<0.001



	HbA1c (%)
	5.40 (5.20–5.60)
	5.40 (5.20–5.60)
	0.883



	Total cholesterol (mg/dL)
	162.0 (146.0–179.0)
	158.0 (142.0–176.0)
	<0.001



	Triglyceride (mg/dL)
	77.0 (55.0–110.0)
	74.0 (53.0–103.0)
	<0.001







Abbreviations: see Table 1.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file4.png
eGFR by CKD-EPI 2021 (mL/min/1.73 m?)

eGFR by CKD-EPI 2009 {mL/min/1.73 m?)

eGFR by CKiD {mL/min/1.73 m")

250
y=-253+13x
n=29917 o
200 r=0.85, F=0.001
150
100 -
50 |-
0 ] | |
0 50 100 150 200
elGFR by EKFC (mL/min/1.73 m?)
200 |-
y=17+11x o®
n==82.011
r=10.97, P<0.001
150 |
100
50 |-
D | | | |
0 50 100 150 200
eGFR by EKFC (mL/min/1.73 m%)
200
y=91+09x
n=82.011
r=0.97, P<0.001
150 |-
100 -
50
0 N | | | |
0 50 100 150 200

¢GFR by EKFC (mL/min/1.73 m?)

CKiD - EKFC {mL/min/1.73 m?)

100

a0

60

40

20

-40

)

CKD-EP1 2009 - EKFC {(mL/min/1.73 m

2 ]

CKD-EPI 2021 - EKFC (mL/min/1.73 m

-1.96 5D

-18.8

L | |

30

100 150 200

Mean of CKiD and EKFC (mL/min/1.73 m%)

+1.96 5D

127

Mean
47

-196 5D
-34

! J
50 100 150 200

Mean of CKD-EPI 2009 and EKFC {mL/min/1.73 m?)

+1 .96 5D

166

196 5D
10

] ]
a0 100 150 200

Mean of CKD-EPI 2021 and EKFC {mL/min/1.73 m?)





nav.xhtml


  medicina-60-00612


  
    		
      medicina-60-00612
    


  




  





media/file2.png
Estimated GFR (mL/min/1.73 m?)

E Age <18 years g Age >18 years

200 -

150+

100 -

50~

CKiD EKEC CKD-EPI 2009

CKD-EPI 2021





media/file5.jpg





media/file7.png





media/file3.jpg





media/file1.jpg
3 Agestsyears [ Age>18years

200-

150-

100-

Estimated GFR (mL/min/1.73 m?)

CKiD EKFC CKD-EP12009  CKD-EPI 2021





media/file0.png





media/file6.png
CKiD and EKFC CKD-EPI 2009 and EKFC CKD-EPI 2021 and EKFC
100 |- SN EINETIIN E—
| ,-“'"'---_
: .I---------' i--'...‘.o".
i
8o |-
L0
I
L1
I
(|
= = = G0 —=
= = = -1
T T T L)
o S < i
w W w 1
40H
L1 L
! .f F —— CKD-EP12009 & — CKD-EP12021
204 45 7 — EKFC 20 i — EKFC
11 e Cr S e Cr
| F === Age ——- Age
e BMI —TT
U_J,,Lllljjjjllljjjj 0 PR T PR BT P
20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity 100-Specificity
AUC (93% CI) Criterion Sen% | Spe% AUC (95% CI) Criterion Sen% | Speo AUC (95% CT) Criterion Sen,% | Spe.%
. R »131.02 — CKD-EPI . »114.37 D CKD-EPI _ >117.51 _
CKiD | 0.829(0.822-0.837) | .1 wind 73m? | 776 | 983 2000 | 0948(0946-0949) [ .. oa 0 | 823 | 912 S0a1 | 0845 (0.842-0847) | o iaao | 719 | 901
. >110.37 . R N e »99.22 - ) . >08.24 _
EKFC 0.884 (0.877-0.890) mL/min/l 73m? 72.4 8g2 EKFC 0.824 (0.821-0.827) ml/minl.73m? 80.2 1.3 EKFC 0.722 (0.719-0.725) L /min/l 73m? 70.8 62.6
Cr 0.819 (0.811-0.827) =0.51 mg/dL 76.