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Graphical Abstract 

 

Abstract 

Background. 

InternaƟonal guidelines recommend the Kidney Failure Risk EquaƟon (KFRE), which includes esƟmated 

glomerular filtraƟon rate (eGFR), to guide nephrology referral and preparaƟon for kidney replacement 

therapy in chronic kidney disease (CKD). The European Kidney FuncƟon ConsorƟum (EKFC) eGFR equaƟons 

are increasingly recognized as alternaƟves to CKD-EPI, but their impact on KFRE predicƟve performance 

and clinical uƟlity is unknown.  

Methods. 

We idenƟfied adults with same-day creaƟnine and cystaƟn C measurements and an albuminuria 

assessment in Stockholm between 2011 and 2021. We evaluated 2- and 5-year 4-variable KFRE 
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performance using CKD-EPI or EKFC eGFR equaƟons based on creaƟnine (eGFRcr), cystaƟn C (eGFRcys), or 

both filtraƟon markers (eGFRcr-cys). DiscriminaƟon was assessed using Ɵme-dependent area under the curve 

(AUC), calibraƟon with calibraƟon plots, and overall accuracy with predicted risk distribuƟons and Brier 

scores. Clinical uƟlity was evaluated using decision curve analysis (DCA) at guideline-recommended 

thresholds. All analyses accounted for the compeƟng risk of death.  

Results. 

Among 27,125 parƟcipants (median age 75 years; 45% women), KFRE discriminaƟon was consistently 

excellent across all equaƟons, filtraƟon markers, and predicƟon horizons (AUC 0.95–0.97). For eGFRcr, EKFC 

and CKD-EPI showed similar calibraƟon at the 2- and 5-year horizons. However, calibraƟon was beƩer for 

EKFC-based predicƟons than CKD-EPI when using eGFRcys or eGFRcr-cys. DCA demonstrated nearly idenƟcal 

clinical uƟlity for CKD-EPI and EKFC at guideline-recommended thresholds.  

Conclusions. 

In this North-European health system study, esƟmaƟng eGFR with EKFC or CKD-EPI equaƟons does not 

materially alter the predicƟve performance or clinical uƟlity of the KFRE.  

 

Key learning points 

What was known: 

 The Kidney Failure Risk EquaƟon (KFRE), incorporaƟng esƟmated glomerular filtraƟon rate 

(eGFR), is recommended to guide nephrology care, but its performance has mainly been 

evaluated using CKD-EPI equaƟons. 

 EKFC equaƟons may provide more accurate eGFR esƟmates in European populaƟons, yet their 

impact on KFRE discriminaƟon, calibraƟon, and clinical uƟlity was uncertain. 
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This study adds: 

 In a large European cohort, replacing CKD-EPI with EKFC equaƟons does not materially change 

KFRE discriminaƟon or clinical uƟlity for predicƟng 2- and 5-year kidney failure risk. 

 EKFC equaƟons marginally improve KFRE calibraƟon when using cystaƟn C or combined creaƟnine–

cystaƟn C eGFR, while performance using creaƟnine-based eGFR remains comparable between 

equaƟons. 

 AccounƟng for the compeƟng risk of death suggests that the KFRE may overesƟmate absolute 

kidney failure risk when mortality risk is substanƟal. 

 

PotenƟal impact: 

 EsƟmaƟng eGFR with EKFC or CKD-EPI equaƟons does not materially alter the predicƟve 

performance or clinical uƟlity of the KFRE. 

 When mortality risk is substanƟal, clinicians should consider that KFRE may overesƟmate absolute 

kidney failure risk when communicaƟng risk to paƟents. 

 

Keywords: CKD, CKD-EPI equaƟon, cystaƟn C, EKFC equaƟon, KFRE equaƟon 
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IntroducƟon 

Accurate predicƟon of kidney failure risk is central to opƟmizing care for paƟents with chronic kidney 

disease (CKD). InternaƟonal guidelines recommend the Kidney Failure Risk EquaƟon (KFRE) to guide 

nephrology referral and preparaƟon for kidney replacement therapy (KRT) among individuals with an 

esƟmated glomerular filtraƟon rate (eGFR) between 10 and 60 mL/min/1.73m².1 In its 4-variable version, 

the KFRE combines age, sex, eGFR, and albuminuria to esƟmate an individual’s 2- and 5-year risk of kidney 

failure.2 Originally developed in North-America using the creaƟnine-based Chronic Kidney Disease 

Epidemiology CollaboraƟon 2009 equaƟon (CKD-EPI)3, the KFRE has since been validated in diverse 

populaƟons.4 

The KDIGO 2024 guidelines emphasize that eGFR equaƟons should, whenever possible, be tailored to the 

geographical context and chosen to best approximate measured GFR in the populaƟons in which they are 

applied.1 In Europe, some studies have reported reduced bias and improved accuracy of the European 

Kidney FuncƟon ConsorƟum (EKFC) equaƟons5,6 compared with CKD-EPI, especially among younger and 

older adults.7–9 These potenƟal performance gains, together with the applicability of EKFC equaƟons to 

both children and adults, have moƟvated proposals to transiƟon from CKD-EPI to EKFC at the conƟnental 

level.10  

The choice of eGFR equaƟon could meaningfully shiŌ KFRE risk esƟmates, as EKFC can yield values that 

differ from CKD-EPI by a median of ~5 mL/min/1.73m² in populaƟons and by as much as 25 mL/min/1.73m² 

in some individuals.11 KFRE can be calculated using eGFR esƟmated from creaƟnine (eGFRcr), cystaƟn C 

(eGFRcys), or both (eGFRcr-cys), with cystaƟn C being increasingly recommended when creaƟnine may be 

unreliable.1 Understanding how the KFRE performs when paired with EKFC equaƟons across these filtraƟon 
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markers is therefore essenƟal, as changes in eGFR inputs could influence decisions about referral, 

mulƟdisciplinary care, and KRT planning. 

We therefore aimed to evaluate how replacing CKD-EPI with EKFC equaƟons to esƟmate eGFR would affect 

the predicƟve performance and clinical uƟlity of the KFRE in a European seƫng. 

 

Materials and Methods 

We followed the Transparent ReporƟng of a mulƟvariable predicƟon model for Individual Prognosis Or 

Diagnosis (TRIPOD) statement for reporƟng.12 

 

Data source 

We used data from the Stockholm CREAƟnine Measurement (SCREAM) project, which is a healthcare 

uƟlizaƟon cohort of individuals residing or accessing healthcare in the region of Stockholm, Sweden.13 

SCREAM contains longitudinal healthcare informaƟon from more than 3 million Stockholm residents who 

underwent creaƟnine assessments between January 2006 and December 2021. Through linkage across 

naƟonal and regional databases, the dataset contains data on demographics, laboratory tests, diagnoses, 

vital status, dispensed medicaƟon prescripƟons, and healthcare uƟlizaƟon, with virtually no loss to follow-

up.13 Data on dialysis and kidney transplantaƟon were obtained from the Swedish Renal Registry (SRR), a 

naƟonwide registry with complete coverage of kidney failure with replacement therapy (KFRT) cases, and 

data on mortality were obtained from the Swedish Cause of Death Registry.14 The Regional Ethical Review 

Board in Stockholm approved the study (reference 2017/793-31). Informed consent was not required, as 

all data were de-idenƟfied by the Swedish Board of Health and Welfare. 
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Study design and paƟent selecƟon 

We idenƟfied all cystaƟn C measurements taken in the outpaƟent seƫng between 1 January 2011 and 31 

December 2021. We excluded measurements before 2011 since naƟonal standardizaƟon of cystaƟn C 

measurements occurred in Sweden in 2010.15 AddiƟonally, we required the presence of a creaƟnine 

measurement on the same day, and an albuminuria/proteinuria measurement within 12 months before or 

aŌer the creaƟnine/cystaƟn C measurement. We selected the albuminuria measurement closest to the 

date of creaƟnine/cystaƟn C measurement, and then converted urine protein-to-creaƟnine raƟo (UPCR) 

and dipsƟck proteinuria measurements to albumin-to-creaƟnine raƟo (UACR) using the validated adjusted 

equaƟon by Sumida et al., which includes sex, hypertension, and diabetes.16 

eGFR measurements were considered eligible if the paƟent was aged ≥18, eGFR was 10-60 mL/min/1.73m2 

calculated with the eGFRcr CKD-EPI 2009 without race coefficient, and the paƟent was not receiving dialysis 

or a kidney transplant recipient (Figure S1). Eligibility was defined using the eGFRcr CKD-EPI 2009 equaƟon 

as it is currently recommended in Europe and to maintain consistency with the KFRE derivaƟon cohort.2,17,18 

If a paƟent had more than one eligible eGFR-albuminuria measurement pair, we selected one at random. 

We defined the index date as the most recent date between the selected eGFR and albuminuria 

measurements to prevent immortal Ɵme. For each paƟent, the model predicƟon origin (the point from 

which the model made its predicƟons) was the index date, corresponding to the moment a clinician had 

informaƟon on both eGFR and albuminuria results to calculate KFRE, regardless of how long the paƟent 

has had CKD, mirroring real-world pracƟce in which paƟents enter care at different stages. 

 

Study predictors 

Predictors used in the non-North American, 4-variable KFRE were age, sex, eGFR measured in 

mL/min/1.73m2 and UACR measured in mg/g. We calculated the eGFR with the creaƟnine or cystaƟn C-
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based EKFC or CKD-EPI 2009-2012 equaƟons (Table S1). In this manuscript, we use eGFRcr, eGFRcys, and 

eGFRcr-cys to denote equaƟons based on creaƟnine, cystaƟn C, or both markers, respecƟvely, and specify 

CKD-EPI or EKFC to indicate the corresponding esƟmaƟng equaƟon. Throughout, CKD-EPI refers exclusively 

to the 2009–2012 equaƟons which are currently recommended in Europe, and not to the race-free 2021 

updates.17,18  

 

Study outcomes 

Study outcomes were 2-year and 5-year risk of KFRT, defined as the composite of dialysis iniƟaƟon or 

kidney transplantaƟon, in line with the definiƟon used in the original KFRE development study.2 PaƟents 

were followed from the index date unƟl the occurrence of KFRT, death, migraƟon from Stockholm region 

or administraƟve censoring (December 31st 2021), whichever occurred first.  

 

Study covariates 

For each paƟent, we extracted a number of baseline characterisƟcs, including age, sex, UACR, 

comorbidiƟes and medicaƟon use, all detailed in Table S2. We idenƟfied comorbidiƟes based on recorded 

clinical diagnoses. MedicaƟons were ascertained through filled prescripƟons at Swedish pharmacies using 

the Prescribed Drug Registry,19 with a medicaƟon considered ongoing if dispensed within 180 days prior to 

the index date. 

 

Subgroup and sensiƟvity analyses 

We conducted subgroup analyses straƟfied by sex, age group (<75 versus >75 years), and KDIGO CKD stage 

(G3 versus G4-5) to evaluate the consistency of our findings across clinically relevant paƟent groups. 
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AddiƟonally, we assessed consistency of results in the subgroup of paƟents with a preceding eGFR <60 

ml/min/1.73 m² at least 3 months before the eGFR measurement used to define eligibility (i.e. confirmed 

CKD). 

 

StaƟsƟcal analysis 

We assessed the predicƟve performance of the 2-year and 5-year KFRE with each equaƟon group (EKFC 

and CKD-EPI) and filtraƟon marker (eGFRcr, eGFRcys, and eGFRcr-cys) across four domains: discriminaƟon, 

calibraƟon, overall accuracy and clinical uƟlity, reporƟng all metrics recommended by the STRengthening 

AnalyƟcal Thinking for ObservaƟonal Studies (STRATOS) iniƟaƟve.20 For each filtraƟon marker, the 

corresponding CKD-EPI equaƟon was used as the reference. Although the KFRE was not developed using 

compeƟng risk methods, in our study we considered death a compeƟng event to validate how well the 

KFRE predicts the absolute risk of KFRT.21 In the main text, we explain these metrics in simple terms, while 

technical details on their calculaƟon and interpretaƟon are provided in the Supplemental Methods and 

Supplemental Table 3.  

 

DiscriminaƟon 

DiscriminaƟon measures how well the model disƟnguishes between individuals who will develop KFRT and 

those who will not. We assessed discriminaƟon using the Ɵme-dependent area under the receiver 

operaƟng characterisƟc curve (Ɵme-dependent AUC),22,23 which accounts for the compeƟng risk of death 

through the way cases and controls are defined. An AUC of 1 indicates perfect discriminaƟon, while 0.5 

reflects no beƩer than chance.  
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CalibraƟon 

CalibraƟon describes how closely the predicted risks from the model match the actual observed risks at 

the relevant Ɵme horizon. The primary assessment of calibraƟon is the calibraƟon plot, while 

complementary numerical metrics, such as the calibraƟon intercept, calibraƟon slope, and the observed-

to-expected (O/E) raƟo provide addiƟonal quanƟtaƟve indices.24 CalibraƟon plots provide a visual 

comparison between predicted and observed risks. The calibraƟon intercept reflects systemaƟc over- or 

underesƟmaƟon, while the calibraƟon slope indicates whether predicted risks are too extreme or too 

moderate compared to observed outcomes. Finally, the O/E raƟo compares the observed proporƟon of 

events to the average predicted risk.  

 

Overall accuracy 

Overall accuracy summarises the model’s performance by combining calibraƟon and discriminaƟon. We 

assessed this using two approaches: (i) the distribuƟon of predicted 2- and 5-year risks of KFRT among 

individuals who did and did not develop KFRT, and (ii) summary measures based on the Brier score.20 The 

distribuƟon of predicted risks provides an intuiƟve assessment of how well the model separates high-risk 

from low risk individuals. The Brier score is the squared difference between predicted risks and observed 

outcomes at a given Ɵme horizon, with lower values indicaƟng beƩer overall performance. The scaled Brier 

score expresses this value relaƟve to a non-informaƟve model, i.e., a model assigning average observed 

risk to all individuals, with posiƟve values indicaƟng improvement over the non-informaƟve model and 

higher values indicaƟng beƩer overall performance. Finally, the delta scaled Brier score measures the 

difference in performance between two models.  
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Clinical uƟlity 

Clinical uƟlity assesses whether using a predicƟon model leads to beƩer clinical decisions. We assessed 

this using decision curve analysis (DCA).25 DCA esƟmates net benefit across clinically relevant thresholds, 

weighing the benefit of correctly idenƟfying high-risk paƟents against the harm of unnecessary 

intervenƟons.  

For the 2-year KFRE, we invesƟgated net benefit at risk thresholds of 10% and 40%, which are currently 

recommended by KDIGO to iniƟate mulƟdisciplinary care and preparaƟon for KRT, respecƟvely.1 This 

analysis was restricted to paƟents with an eGFRcr CKD-EPI of 10–29 mL/min/1.73m². For the 5-year KFRE, 

we calculated net benefit at risk thresholds of 3-5% among paƟents with an eGFRcr CKD-EPI of 30–59 

mL/min/1.73m², as referral to nephrology is recommended when the predicted risk exceeds these 

thresholds.1   

Because albuminuria, creaƟnine and cystaƟn C measurements were required for inclusion, there were no 

missing data in this study. All analyses were conducted using R version 4.5.1. The code is available at 

hƩps://github.com/CareMeds/KFRE-performance-for-EKFC-vs-CKD-EPI.  

Results 

CharacterisƟcs of the populaƟon 

A total of 191,720 individuals had at least one cystaƟn C measurement between January 2011 and 

December 2021, of whom 84,923 also had a creaƟnine measurement on the same day and an albuminuria 

assessment within 12 months. We excluded 50,200 paƟents with an eGFR <10 or ≥60 mL/min/1.73m². 

AŌer applying all exclusion criteria, 27,125 paƟents remained for analysis (Figure S2). 

The median age was 75 years, 44.8% were women, and the median eGFRcr CKD-EPI was 45 mL/min/1.73m² 

(Table 1). The most frequently diagnosed comorbidiƟes were hypertension (81%) and diabetes mellitus 
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(37%), while the most prescribed medicaƟons were ACE inhibitors or ARBs (65%) and beta-blockers (52%). 

When comparing equaƟons, eGFRcr values calculated with EKFC were generally lower than eGFRcr values 

calculated with CKD-EPI. However, eGFRcys and eGFRcr-cys values tended to be greater when calculated with 

EKFC than with CKD-EPI (Figure S3).  

At 2 years, a total of 620 (2.3%) paƟents had experienced KFRT, and 4,214 paƟents (15.5%) had died 

without KFRT (Table S4). At 5 years, KFRT had occurred in 1,265 paƟents (4.7%) and 8,287 paƟents (30.6%) 

had died without KFRT. A comparison with the Non-North American KFRE development cohort is provided 

in Table S5. 

 

DiscriminaƟon 

There were no meaningful differences in discriminaƟon between KFRE models calculated with CKD-EPI and 

EKFC equaƟons across filtraƟon markers or predicƟon horizons. Both the 2-year and 5-year KFRE models 

demonstrated consistently high Ɵme-dependent AUC values ranging from 0.95 to 0.97 (Figure 1). 

 

CalibraƟon 

For the 2-year KFRE using eGFRcr, both EKFC and CKD-EPI showed good agreement between predicted and 

observed risks: calibraƟon curves were slightly below the idenƟty line, calibraƟon intercepts were near 0 

and calibraƟon slopes close to 1.2 with confidence intervals excluding 1 (Figure 2, Table 2). EKFC 

demonstrated superior calibraƟon compared with CKD-EPI when using eGFRcys and eGFRcr-cys, as 

demonstrated by calibraƟon curves closer to the idenƟty line and calibraƟon intercepts closer to 0 (eGFRcys: 

0.00 [-0.08;0.09] versus -0.40 [-0.48;-0.32]; eGFRcr-cys: 0.08 [-0.01;0.16] versus -0.23 [-0.32;-0.15] for EKFC 

and CKD-EPI, respecƟvely) (Figure 2, Table 2). 
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For the 5-year KFRE, both EKFC and CKD-EPI overesƟmated risk across filtraƟon markers (eGFRcr, eGFRcys or 

eGFRcr-cys): calibraƟon curves were consistently below the idenƟty line, while calibraƟon intercepts were 

negaƟve with confidence intervals excluding 0. EKFC and CKD-EPI performed similarly for eGFRcr, but EKFC 

showed beƩer calibraƟon than CKD-EPI for eGFRcys and eGFRcr-cys (calibraƟon intercept eGFRcys: -0.62 [-

0.68;-0.56] versus -1.02 [-1.08;-0.96]; eGFRcr-cys: -0.51 [-0.58;-0.45] versus -0.81 [-0.87;-0.74] for EKFC and 

CKD-EPI, respecƟvely) (Figure 2, Table 2). 

O/E raƟos supported these findings, indicaƟng risk overesƟmaƟon at 5 years and, for CKD-EPI, also at 2 

years when using eGFRcys or eGFRcr-cys (Figure S4). 

 

Overall accuracy 

Across all eGFR equaƟons, predicted risks among individuals who did not experience KFRT or died were 

Ɵghtly concentrated at very low values, whereas those who progressed to KFRT exhibited broader 

distribuƟons extending into higher risk ranges, a paƩern consistent at both the 2-year and 5-year predicƟon 

horizons (Figure S5). RelaƟve to CKD-EPI, EKFC was associated with small shiŌs in predicted risks that 

mirrored underlying eGFR distribuƟon differences, with EKFC-based eGFRcys and eGFRcr–cys yielding slightly 

lower risk esƟmates at both predicƟon horizons. Individual-level changes were typically on the order of 

0.1% and were consistent with these populaƟon-level paƩerns (Figure S6). 

Brier score-based metrics revealed minimal differences between the EKFC and CKD-EPI equaƟons across 

filtraƟon markers and horizons: for the 2-year predicƟon horizon, CKD-EPI–based KFRE showed slightly 

beƩer overall accuracy than EKFC, as reflected by lower Brier scores, higher scaled Brier scores, and 

negaƟve delta scaled Brier values (Table S6). For the 5-year predicƟon horizon, this paƩern persisted for 

eGFRcr but reversed for the other filtraƟon markers: EKFC equaƟons achieved slightly beƩer overall 
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accuracy as reflected by lower Brier scores, higher scaled Brier scores and posiƟve delta scaled Brier values 

(Table S6). 

 

Clinical uƟlity 

For the 2-year KFRE, risks esƟmated from EKFC and CKD-EPI equaƟons both produced high and nearly 

idenƟcal net benefit across filtraƟon markers and across the range of threshold probabiliƟes, including at 

the currently recommended 10% and 40% thresholds to guide iniƟaƟon of mulƟdisciplinary care and 

preparaƟon for kidney replacement therapy, respecƟvely (Figure 3). For example, using a KFRE threshold 

of 10% with eGFRcr to guide mulƟdisciplinary care yielded an idenƟcal net benefit of 0.065 for both EKFC 

and CKD-EPI, corresponding to 65 addiƟonal true posiƟve idenƟficaƟons of paƟents who progress to KFRT 

per 1000 paƟents, without an increase in unnecessary mulƟdisciplinary care, compared with a strategy of 

never iniƟaƟng this care. 

For the 5-year KFRE, risks esƟmated from EKFC and CKD-EPI equaƟons again showed similar net benefit 

across filtraƟon markers, but the magnitude of benefit was smaller than for the 2-year model. Importantly, 

eGFRcys esƟmates offered liƩle to no net benefit: at the currently recommended 3% threshold, only the 

EKFC equaƟon yielded a meaningful improvement over a strategy of referring no one, whereas at 5% none 

of EKFC or CKD-EPI provided net benefit (Figure 3). 

 

Subgroup and sensiƟvity analyses 

KFRE performance paƩerns were similar with EKFC and CKD-EPI eGFR across sex, age, and CKD stage 

subgroups. Regardless of the eGFR equaƟon used, discriminaƟon was slightly lower in CKD stage 4–5, and 

risk was overesƟmated in individuals aged ≥75 years. The use of EKFC eGFRcys modestly underesƟmated 
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risk in women at higher predicted risk, and net benefit was higher in men and in individuals aged <75 years 

(Table S7, Figures S7–S11). 

KFRE predicƟve performance and clinical uƟlity across eGFR equaƟons and biomarkers were similar when 

restricƟng to individuals with confirmed CKD (Figures S12-S14). 

 

Discussion 

In this cohort study of 27,125 individuals with simultaneous creaƟnine and cystaƟn C measurements, we 

evaluated the impact of using EKFC equaƟons on KFRE performance and clinical uƟlity within a European 

health system. Across all equaƟons, filtraƟon markers, and predicƟon horizons, discriminaƟon remained 

excellent. While calibraƟon of eGFRcr was comparable between EKFC and CKD-EPI, EKFC demonstrated 

improved calibraƟon over CKD-EPI for eGFRcys and eGFRcr-cys. Importantly, KFRE’s clinical benefit was similar 

for both equaƟon sets at currently recommended thresholds. Taken together, these findings indicate that 

replacing CKD-EPI with EKFC eGFR equaƟons would have negligible influence on KFRE performance or 

clinical uƟlity. 

KFRE demonstrated excellent discriminaƟon regardless of equaƟon choice. Similar to our study, previous 

invesƟgaƟons have reported very high discriminaƟon of KFRE risk esƟmates.4,26,27 This is expected given 

the exponenƟal relaƟonship between eGFR and KFRT risk, whereby differences in eGFR values spanning 10 

to 60 mL/min/1.73 m² yield strong discriminaƟon between individuals at low and high risk.28 

CalibraƟon is important for providing paƟents with accurate informaƟon about their individual risks. At 2 

years, regardless of filtraƟon marker, EKFC demonstrated excellent calibraƟon and outperformed CKD-EPI 

when eGFRcys or eGFRcr-cys were used. These differences likely reflect the interplay between filtraƟon marker 

choice and equaƟon-specific biases in GFR esƟmaƟon. Because eGFRcys yields systemaƟcally lower values 

than eGFRcr,29 cystaƟn C-based KFRE predicƟons tend toward higher esƟmated risks. When CKD-EPI 
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equaƟons are used, this tendency results in overpredicƟon. However, EKFC produces higher eGFRcys 

esƟmates than CKD-EPI, thereby resulƟng in improved calibraƟon. The overpredicƟon observed at 5 years 

for both equaƟon sets across all filtraƟon markers likely reflects KFRE's failure to account for the compeƟng 

risk of death. KFRE was developed without compeƟng risk modeling, implicitly assuming that paƟents 

remained at risk of KFRT even aŌer death. In contrast to earlier studies reporƟng underpredicƟon,26,27 we 

incorporated compeƟng risks to assess the absolute risk of KFRT, a measure more clinically relevant. 

Because paƟents who die cannot subsequently experience KFRT, the absolute risk is lower than KFRE's 

predicƟons. This discrepancy becomes more pronounced over longer follow-up periods and in older 

paƟents, explaining why overpredicƟon was stronger at 5 years than at 2 years, and in individuals aged ≥75 

years compared to those aged <75 years. 

The KFRE has been endorsed by internaƟonal guidelines as a decision-support tool for guiding nephrology 

referrals, iniƟaƟon of mulƟdisciplinary care, and preparaƟon for kidney replacement therapy.1 These 

decisions involve a trade-off between benefits, such as ensuring appropriate care for paƟents at risk, and 

potenƟal harms, including unnecessary medical visits or procedures like arterio-venous fistula creaƟon. For 

this reason, the guidelines proposed specific thresholds that reflect an acceptable balance between these 

compeƟng consideraƟons. In our study, KFRE-predicted risks derived from EKFC and CKD-EPI eGFR 

equaƟons provided similarly high net benefit at the 2-year horizon, underscoring the model’s usefulness 

for care planning in paƟents with advanced CKD, for whom short-term risk straƟficaƟon is most criƟcal. 

InteresƟngly, although eGFRcys is a stronger predictor of KFRT than eGFRcr and has been advocated on this 

basis,30 KFRE offered liƩle, if any, clinical uƟlity at the 5-year horizon when used with eGFRcys. This likely 

reflects KFRE’s subopƟmal calibraƟon when used with eGFRcys. AddiƟonally, KFRE predicƟons using eGFRcr 

or eGFRcr–cys showed similar performance. Given that eGFRcr is recommended as a first-line approach for 

GFR esƟmaƟon, whereas eGFRcr–cys is preferred in seƫngs where creaƟnine may be biased,1 these findings 

suggest that clinicians may rely on the equaƟon deemed most appropriate for GFR esƟmaƟon in their 
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specific context for risk predicƟon as well.This study has several strengths. First, it draws on a large, 

populaƟon-based cohort with virtually complete follow-up and comprehensive capture of KFRT. Second, 

although our primary cohort required only one eGFR test to be included, we confirmed similar findings in 

the subpopulaƟon with confirmed CKD. Third, creaƟnine and cystaƟn C measurements were standardized, 

ensuring high analyƟcal consistency. Fourth, we assessed discriminaƟon using Ɵme-dependent AUCs rather 

than the convenƟonal c-index, providing a more appropriate measure of predicƟve accuracy in survival 

seƫngs.23 Finally, we assessed both model performance and clinical uƟlity, allowing for a comprehensive 

evaluaƟon of the potenƟal impact of using EKFC versus CKD-EPI equaƟons in the KFRE. 

Our study also has limitaƟons. It was conducted among healthcare users in the region of Stockholm, and 

cauƟon is warranted when generalizing findings to other regions. In addiƟon, we restricted the cohort to 

individuals with simultaneous creaƟnine and cystaƟn C measurements, and an albuminuria measurement 

within 12 months. Although cystaƟn C tesƟng is less common in many countries, Sweden has comparaƟvely 

widespread use of cystaƟn C in rouƟne clinical pracƟce.31 Nonetheless, our study populaƟon is not a 

random sample of the broader CKD populaƟon, as individuals with cystaƟn C or albuminuria measured are 

typically older and have more comorbidiƟes.31,32 Also, we did not have informaƟon on conservaƟve (non-

dialysis) management at baseline; however, given that only 3% of the study populaƟon had a CKD-EPI 

eGFRcr between 10 and 15 ml/min/1.73 m², the proporƟon of such paƟents in our cohort was likely low. 

Finally, we were unable to evaluate the 8-variable KFRE, which, although more accurate than the 4-variable 

version, is used less frequently in rouƟne care. 

Conclusion 

This study shows that the predicƟve performance and clinical uƟlity of KFRE is largely unaffected by the 

choice of eGFR equaƟon used.  
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Table 1. Baseline characterisƟcs of paƟents with simultaneous creaƟnine and cystaƟn C measurements 

(2011–2021) and CKD-EPI eGFRcr 10–60 mL/min/1.73m² in the SCREAM cohort 

 

Characteristic N = 27,125 
Age, median (IQR), y 75 (67, 82) 
Female, n (%) 12,139 (45%) 
eGFR category, n(%)  
  G3a (45 to <60) 13,590 (50%) 
  G3b (30 to <45)  8,257 (30%) 
  G4 (15 to <30)  4,406 (16%) 
  G5 (10 to <15) 872 (3%) 
Median eGFR (IQR), mL/min/1.73m2  
  CKD-EPIcr 2009 45 (33, 53) 
  CKD-EPIcys 2012 37 (25, 49) 
  CKD-EPIcr-cys 2012 41 (29, 51) 
  EKFCcr  42 (32, 50) 
  EKFCcys  40 (29, 52) 
  EKFCcr-cys  42 (31, 50) 
Median UACR (IQR), mg/g 22 (15, 88) 
Comorbidities, n (%)  
  Myocardial infarction 3,676 (13%) 
  Other Ischemic Heart Disease 7,071 (26%) 
  Hypertension 22,010 (81%) 
  Heart Failure 6,637 (24%) 
  Stroke 3,374 (12%) 
  Other cerebrovascular disease 3,636 (13%) 
  Arrhythmia 8,112 (29%) 
  Peripheral vascular disease 2,723 (10%) 
  Diabetes mellitus 9,993 (36%) 
  Cancer in previous year 3,390 (12%) 
  Chronic obstructive pulmonary disease 3,127 (11%) 
  Liver disease 1,233 (4%) 
Medications, n (%)  
  Beta blocker 14,220 (52%) 
  Calcium channel blocker 7,271 (26%) 
  Diabetes medications 10,259 (37%) 
  Diuretic 12,233 (45%) 
  ACEi/ARB 17,752 (65%) 
  Lipid lowering drug 11,716 (43%) 
  NSAID 2,855 (10%) 

 

ConƟnuous variables are described as median (Q1-Q3) and categorical variables as n (%). eGFR: esƟmated 
glomerular filtraƟon rate (creaƟnine-based CKD-EPI 2009 equaƟon); UACR: urinary albumin-to-creaƟnine raƟo; 
ACEi: angiotensin-converƟng enzyme inhibitor; ARB: angiotensin 2 receptor blocker; NSAID: non-steroidal anƟ-
inflammatory drug. 
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Table 2. CalibraƟon intercept and calibraƟon slope for the 2-year and 5-year KFRE predicƟons using CKD-

EPI or EKFC eGFR equaƟons 

 2-year KFRE 5-year KFRE 
Equation Calibration Intercept Calibration Slope Calibration Intercept Calibration Slope 
eGFRcr 
CKD-EPI -0.07 (-0.15; 0.02) 1.17 (1.06; 1.27) -0.58 (-0.65; -0.52) 0.98 (0.93; 1.04) 
EKFC -0.02 (-0.11; 0.06) 1.21 (1.10; 1.31) -0.57 (-0.64; -0.51) 1.01 (0.96; 1.07) 
eGFRcys     
CKD-EPI -0.40 (-0.48; -0.32) 1.26 (1.15; 1.37) -1.02 (-1.08; -0.96) 1.04 (0.98; 1.10) 
EKFC 0.00 (-0.08; 0.09) 1.23 (1.13; 1.34) -0.62 (-0.68; -0.56) 1.01 (0.95; 1.07) 
eGFRcr-cys 
CKD-EPI -0.23 (-0.32; -0.15) 1.27 (1.16; 1.39) -0.81 (-0.87; -0.74) 1.04 (0.99; 1.10) 
EKFC 0.08 (-0.01; 0.16) 1.28 (1.17; 1.39) -0.51 (-0.58; -0.45) 1.04 (0.98; 1.10) 

 

CalibraƟon intercepts reflect overall under- or over-predicƟon (ideal value = 0), and calibraƟon slopes quanƟfy 
whether a model is systemaƟcally under or over-confident in the risks it assigns (ideal value = 1). EsƟmates are 
shown with 95% confidence intervals. 
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Figure 1. DiscriminaƟon of the 2-year and 5-year KFRE predicƟons using CKD-EPI or EKFC eGFR equaƟons 

Legend: DiscriminaƟon was assessed by the Ɵme-dependent Area Under the Receiver OperaƟng CharacterisƟcs 
Curve (AUC), with higher values indicaƟng beƩer ability to disƟnguish between individuals who did and did not 
progress to KFRT at the predicƟon horizon. Panel (a) represents the 2-year AUC and panel (b) the 5-year AUC, for 
the 2-year and 5-year KFRE predicƟons, respecƟvely. Error bars represent 95% confidence intervals. 
 
Alt text: Forest plot of KFRE Ɵme-dependent AUC across 2-year and 5-year predicƟons, using eGFRcr, eGFRcys or 
eGFRcr-cys based on EKFC or CKD-EPI 2009-2012 equaƟons. 
 
  

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/advance-article/doi/10.1093/ckj/sfag187/8704137 by belkýs helvacý user on 09 June 2026



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

 
 

 

 

 

Figure 2. CalibraƟon plots of 2-year and 5-year KFRE using CKD-EPI or EKFC eGFR equaƟons  

Legend: Observed risks (y-axis) are ploƩed against predicted risks (x-axis) for each equaƟon and filtraƟon marker 
combinaƟon. The solid lines represent loess-smoothed calibraƟon curves, and the dashed diagonal line denotes 
perfect calibraƟon (observed = predicted). Rug plots along the axes illustrate the distribuƟon of predicted risks. 
Shaded areas represent 95% confidence intervals. Panels are organized by predicƟon horizon (2-year top row, 5-year 
boƩom row) and eGFR esƟmaƟon method: creaƟnine-based (leŌ column), cystaƟn C–based (middle column), and 
combined creaƟnine–cystaƟn C (right column). 
 
Alt text: Panel of calibraƟon plots for 2-year and 5-year KFRE predicƟons, , using eGFRcr, eGFRcys or eGFRcr-cys based 
on EKFC or CKD-EPI 2009-2012 equaƟons. 
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Figure 3. Decision curve analysis of 2-year and 5-year KFRE predicƟons using CKD-EPI or EKFC eGFR 
equaƟons. 

Legend: Panel (a) shows the 2-year KFRE in the subset of paƟents with eGFRcr CKD-EPI 10–29 mL/min/1.73m2, and 
panel (b) shows the 5-year KFRE in the subset of paƟents with eGFRcr CKD-EPI 30-59 mL/min/1.73m2. Net benefit is 
ploƩed across a range of threshold probabiliƟes, with higher curves indicaƟng greater clinical uƟlity. The verƟcal 
dashed lines represent the currently recommended thresholds to guide nephrology referral (5-year KFRE of 3-5%), 
iniƟaƟon of mulƟdisciplinary care (2-year KFRE of 10%) and preparaƟon for kidney replacement therapy (2-year 
KFRE of 40%).1 The “refer all” and “refer none” strategies are included as references. Note that the y-axis scale in 
panel (b) is 10-fold smaller than in panel (a). 
 
Alt text: Panel of decision curve analyses for 2-year and 5-year KFRE predicƟons, , using eGFRcr, eGFRcys or eGFRcr-cys 

based on EKFC or CKD-EPI 2009-2012 equaƟons. 
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