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ABSTRACT  
 
BACKGROUND AND HYPOTHESIS. 
For most paƟents, clinical management of early stages of CKD is performed in primary care seƫngs. KDIGO 
2024 guidelines recommended using a 5-year kidney failure risk equaƟon (KFRE) of 3-5% to guide 
nephrologist referrals. Here, we aimed to assess the impact of adopƟng a risk-based referral model 
compared to tradiƟonal referral criteria. 
 
METHODS. 
ObservaƟonal retrospecƟve study of adults with eGFR<60mL/min/1.73m² (Lund-Malmö equaƟon) from 
the SCREAM project, a healthcare uƟlizaƟon cohort from Stockholm, Sweden. We evaluated the 
performance of the Non-North American 4-variable KFRE and recalibrated it to beƩer fit our seƫng. KFRE 
thresholds were compared with tradiƟonal models: the clinical Swedish criteria and the classic KDIGO 2012 
criteria, both of which are mainly based on age, eGFR and albuminuria thresholds. SensiƟvity, specificity, 
posiƟve, negaƟve predicƟve values, reclassificaƟon matrices, net reclassificaƟon improvement, and 
decision curve analyses were used to assess performance and clinical uƟlity. 
 
RESULTS. 
The study included 887,388 observaƟons from 192,964 individuals. At inclusion, 49% were men, median 
age was 76 years and median eGFR 54mL/min/1.73m2. During follow-up, 2,624(1.4%) progressed to KRT. 
KFRE demonstrated a good predicƟon performance, further improved aŌer recalibraƟon. Both Non-North 
American and SCREAM recalibrated KFRE provided higher sensiƟvity and specificity than Swedish and 
classical KDIGO criteria. KFRE-based referral models yielded beƩer net reclassificaƟon improvement, 
demonstraƟng superior performance in decision curve analyses. Higher thresholds (15% for the Non-North 
American KFRE, 9% for the SCREAM recalibrated KFRE) than the KDIGO recommended ones provided the 
best combined sensiƟvity and specificity. Compared with tradiƟonal referral models, implementaƟon of a 
risk-based referral would decrease the number of unnecessary referrals by 23% and 25%, respecƟvely. 
 
CONCLUSION. 
In a large north-European healthcare system, transiƟoning to a risk-based referral model would result in 
an important reducƟon of unnecessary referrals while maintaining a low rate of missed cases, opƟmizing 
resource uƟlizaƟon. 
 

KEY LEARNING POINTS 

What was known:  

 The 2024 KDIGO guidelines suggest using the KFRE risk model for nephrology referral. Whether a 
risk-based model outperforms classic referral criteria is not well studied. 

This study adds: 

 A KFRE-based referral model had beƩer performance compared to classic criteria used in Sweden 
or those recommended by the previous 2012 KDIGO guidelines. 

 The improved performance of the risk-based referral model would be achieved by reducing the 
number of unnecessary referrals, without missing many cases in which the referral is needed 
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PotenƟal impact:  

 TransiƟoning to a risk-based referral model would result in an important reducƟon of 
unnecessary referrals while maintaining a low rate of missed cases, thus opƟmizing resource 
uƟlizaƟon.  

 
Keywords: kidney disease, Kidney Failure Risk EquaƟon, nephrology referral 
 
 
 
IntroducƟon  
 
Given the size of the populaƟon with chronic kidney disease (CKD) (1) and that, in most cases, progression 
to kidney failure is slow,  early CKD management is oŌen conducted in primary care (2). Referral to 
nephrologist specialist, in most but not in all cases,  is indicated at more severe CKD stages, when loss of 
kidney funcƟon is very rapid, or when CKD complicaƟons can no longer be adequately managed in primary 
care (3, 4).  
 
Clinical guidelines provide diverse opinion-based referral criteria (5), which are usually based on specific 
thresholds of esƟmated glomerular filtraƟon rate (eGFR) or albuminuria, and someƟmes age. Minor 
variaƟons in referral criteria can significantly impact referral rates, increasing waiƟng Ɵmes and burdening 
nephrology departments. Many referrals involve individuals at low risk of kidney failure progression, where 
specialist care may not be necessary (6). 
 
The 2024 KDIGO guidelines recommend using a risk-based referral model with the Kidney Failure Risk 
EquaƟon (KFRE), indicaƟng to refer paƟents to nephrologist care when their esƟmated 5-year kidney failure 
risk is above 3-5% (7). If health systems are to transiƟon to a risk-based referral model, it is necessary to 
provide a demonstraƟon of the superiority of this model over more classic referral criteria. 
 
This study aimed to a) validate and, if needed, recalibrate the 4-variable KFRE equaƟon in Swedish primary 
care seƫngs; b) evaluate KDIGO’s suggested thresholds for KFRE; and c) assess the effect of implemenƟng 
different risk-based thresholds for nephrology referral compared to tradiƟonal criteria. 
 
 

Materials and methods 
 
Data sources and study populaƟon  
We conducted an observaƟonal retrospecƟve study in the Stockholm CREAƟnine Measurements (SCREAM) 
project, a healthcare uƟlizaƟon cohort covering all ciƟzens of the region of Stockholm, Sweden, accessing 
healthcare during 2006–2021(8). The Swedish unique personal idenƟficaƟon number was used to link 
laboratory data with regional and naƟonal administraƟve databases for complete informaƟon on 
healthcare access, diagnoses and dispensed medicaƟons.  
 
Kidney replacement therapy (KRT) data were retrieved from the Swedish Renal Registry (SRR), a naƟonwide 
quality registry of paƟents with CKD referred to nephrologists in Sweden, with >97% coverage of KRT cases 
(9). The Regional Ethical Review Board in Stockholm approved the study (reference 2017/793-31). The 
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Swedish NaƟonal Board of Welfare linked and de-idenƟfied the registries, and as the study uses de-
idenƟfied data, informed consent was not deemed necessary. 
 
Adults (≥>18 years) with at least one serum/plasma creaƟnine and albuminuria test taken on the same 
date between January 1st, 2006, and December 31st, 2021, were included. OŌen in clinical pracƟce 
creaƟnine and albuminuria are not measured in the same day, so in case the two test were not available 
on the same day, a window of 12 months was considered, using the latest test date as the index date. We 
extracted all available pairs of creaƟnine/albuminuria measurements meeƟng this condiƟon during the full 
observaƟon period of a given paƟent, and thus, when available, we obtained repeated KFRE observaƟons 
per paƟent. We excluded paƟents who, at cohort inclusion (first observaƟon) had eGFR≥60 
mL/min/1.73m2, were undergoing KRT or died within a day. We decided to define CKD based on a single 
eGFR measurement because it beƩer reflects how KFRE is applied in rouƟne care, where risk is calculated 
at each creaƟnine test without requiring confirmaƟon from prior eGFR values (10). The flowchart detailing 
this process is shown in Figure S1. 
 
Study exposure 
The study exposures included the 4-variable KFRE, current Swedish criteria for nephrologist referral (11) 
and the 2012 KDIGO referral criteria (12). We intenƟonally disregarded referral criteria that are universally 
applicable regardless of KFRE, eGFR, or ACR, such as rapid kidney disease progression, abnormal urine 
sediment, acute kidney injury, recurrent nephrolithiasis or the diagnosis of a kidney disease or geneƟc 
kidney diseases which require a specific and specialized clinical management. We neither considered 
persistent CKD abnormaliƟes such as anemia, acidosis or bone disease (7). Although 2024 KDIGO guidelines 
(7) refer to various validated risk predicƟon models that could be used at the bedside, we chose to focus 
on the KFRE for its wide use globally and mulƟple external validaƟons studies. 
  
 
The 4-variable KFRE, incorporaƟng age, sex, eGFR and urinary albumin-creaƟnine raƟo (ACR), was 
developed in paƟents with CKD stages 3-5 referred to nephrology care in Ontario, Canada (13). External 
validaƟon in 31 cohorts, including the Swedish Renal Registry, revealed variaƟons in baseline risk, leading 
to a non-North American recalibraƟon factor for improved accuracy (14). In this study, we used this non-
North American recalibrated KFRE equaƟon. eGFR was calculated from serum/plasma creaƟnine and 
esƟmated using the Revised Lund-Malmö (RLM) equaƟon (15) since this is the validated equaƟon 
automaƟcally reported in Swedish healthcare (11) and the one with highest precision and accuracy against 
measured GFR in SCREAM (16). We considered ACR tests alongside with urinary Protein to CreaƟnine RaƟo 
(PCR) tests and dipsƟck albuminuria tests that were approximated to ACR using the Sumida conversion 
formula incorporaƟng comorbidiƟes (17). 
 
A descripƟon of the referral criteria uƟlized in this study is presented in Table S1. Briefly, Swedish referral 
criteria (11) employ fixed thresholds of age, eGFR and albuminuria. The 2012 KDIGO criteria (12) use: 
eGFR<30 mL/min/1.73m2, significant albuminuria (ACR ≥300 mg/g) and hypertension refractory to 
treatment with 4 or more anƟhypertensive agents. Refractory hypertension was defined in our study as 
filled prescripƟons for 4+ anƟhypertensive drugs in the 6 months prior to each observaƟon (See definiƟons 
in Table S2). Filled prescripƟons of these medicaƟons were ascertained by linkage with the naƟonal 
prescribed drug register (18) which has complete coverage of all dispensed prescripƟons at Swedish 
pharmacies. 
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Study covariates  
History of comorbidiƟes and ongoing medicaƟons were defined for descripƟve purposes at cohort 
inclusion. ComorbidiƟes were idenƟfied using the full preceding medical history, while medicaƟons were 
considered ongoing if dispensed within six months preceding the index date. Algorithms defining study 
covariates through clinical diagnosƟc codes or pharmacy fills are detailed in Table S2. 
 
Study outcome  
The study outcome was kidney replacement therapy (KRT), defined as the date of start of chronic dialysis 
or pre-empƟve kidney transplantaƟon, within 5 years. During KFRE validaƟon and recalibraƟon of the KFRE 
we also explored a shorter horizon of 2 years. The date of KRT start was ascertained through linkage with 
the Swedish Renal Registry(11).  
 
StaƟsƟcal analysis 
DescripƟve staƟsƟcs are represented as medians with interquarƟle ranges or numbers with percentages. 
 
Model discriminaƟon, calibraƟon and recalibraƟon  
If the KFRE was to be automaƟcally reported in electronic healthcare records, it would be calculated every 
Ɵme that albuminuria or creaƟnine was ordered, and physicians will decide based on reported risks, not 
considering prior KFRE esƟmates or changes over. To mimic this clinical pracƟce, and to use data efficiently, 
we constructed one paƟent record for each creaƟnine/albuminuria measure, meeƟng the condiƟons 
above. Each paƟent record was followed from the creaƟnine/albuminuria measure unƟl KRT, death or 
censoring whichever came first. Censoring events were emigraƟon from Stockholm County and end of data 
collecƟon (31st December 2021). Thus, each paƟent contributed with mulƟple paƟent records. In the 
development of the original KFRE, death was considered a censoring but not a compeƟng event (13), which 
results in a systemaƟc overesƟmaƟon of the risk of KRT by assuming that people can have kidney failure 
aŌer death (19). To provide more realisƟc prognosƟc esƟmates, we included death as compeƟng risk in the 
validaƟon process where feasible. 
 
For each record, we calculated the predicted 2- and 5-year KRT risks using the 4-variable KFRE. These 
predicƟons were used to evaluate the model's performance in our cohort. Model discriminaƟon was 
evaluated using cumulaƟve incidence curves, accounƟng for death as a compeƟng risk, by KFRE levels (14) 
and using both C-index and Brier score. We assessed calibraƟon by ploƫng predicted against observed risk 
to determine if predicƟons matched actual outcomes. The cohort was divided into ten groups, each 
represenƟng 10% of the predicted risk distribuƟon. An addiƟonal plot was generated for the lowest 20%, 
as these groups are the most relevant for informing nephrology referral decisions. Observed risk within 
each group was calculated using a cumulaƟve incidence funcƟon, accounƟng for compeƟng risk. This 
allowed comparisons of KFRE model predicƟons with actual KRT incidence in each group. 
 
To improve the model’s performance, we recalibrated the 2-year and 5-year KFRE models using a Cox 
proporƟonal hazards model fiƩed to our database. In the recalibraƟon process we updated baseline hazard 
and regression coefficients resulƟng in the "SCREAM recalibrated KFRE". To retain the original KFRE 
structure, death was excluded as a compeƟng risk during recalibraƟon. The original model is referred to as 
the "Non-North American KFRE," while Swedish and KDIGO 2012 criteria are referred together as 
“tradiƟonal referral criteria.” 
 
OpƟmal KFRE thresholds and comparison with classic nephrologist referral models 
We compared the prognosƟc performance of KFRE and tradiƟonal referral criteria over a 5-years horizon. 
Using the Youden index (20), extracted from ROC curves (built including death as compeƟng risk), we 
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idenƟfied opƟmal thresholds for both KFRE equaƟons based on highest sensiƟvity and specificity. These 
opƟmal thresholds, along with the thresholds of 3% and 5%, were compared against the tradiƟonal referral 
criteria. 
 
For each referral model, we extracted pairs of sensiƟvity and specificity from the ROC curve. To directly 
compare the performance across models, we determined the sensiƟvity of the KFRE models at the 
threshold corresponding to the specificity of the tradiƟonal referral models, and the specificity of the KFRE 
models at the thresholds corresponding to the sensiƟvity of the classic referral models. This allowed us to 
evaluate if the new criteria offered beƩer specificity or sensiƟvity at equivalent levels. 
 
Model uƟlity 
We evaluated the clinical uƟlity of transiƟoning to a risk-based KFRE model by calculaƟng posiƟve 
predicƟve value (PPV, true posiƟves), false posiƟves, negaƟve predicƟve value (NPV, true negaƟves), and 
false negaƟves for each referral criterion. To assess whether the KFRE model improved risk predicƟon over 
tradiƟonal  criteria, we computed the Net ReclassificaƟon Improvement (NRI) (21); incorporaƟng  death as 
compeƟng risk (22). Decision curve analysis (DCA) was used to visually compare the net benefit of referral 
models across various threshold probabiliƟes (23), also considering death as a compeƟng event.  
 
SensiƟvity analyses 
We conducted three sensiƟvity analyses. First, to explore if considered mulƟple observaƟon per person 
introduced bias due to test correlaƟon, we repeated analyses using one random observaƟon per paƟent. 
Second, to evaluate if approximaƟng dipsƟck albuminuria to ACR affected KFRE accuracy, we repeated our 
analyses using a cohort with ACR-only tests. The last sensiƟvity analysis explored whether there were 
differences in prognosƟc performance across Ɵme periods. StaƟsƟcal analyses were performed using R 
(version 4.3.1).  All data have been reported in line with the TRIPOD statement (Table S15). We used R 
soŌware to develop an online calculator for the SCREAM recalibrated model which can be found at this 
link (SCREAM Recalibrated KFRE Calculator). 
 
Results  
 
CharacterisƟcs of the study populaƟon 
The study included 192,964 adults with eGFR <60 mL/min/1.73m² and concomitant eGFR and ACR tests, 
contribuƟng 887,388 repeated observaƟons (median 2 [IQR 1–5] per parƟcipant). Baseline characterisƟcs 
are shown in Table 1. Median age was 76[IQR 69-82] years, 49% were men, median eGFR was 54[IQR 46-
57] mL/min/1.73m2 and median albuminuria was 21[IQR 16-54] mg/g. Albuminuria was measured with 
ACR (included converted PCR) in 45% of cases, and the remaining were dipsƟck tests.  
 
Model discriminaƟon, calibraƟon and recalibraƟon 
Among the cohort, 2,624 (1.4%) progressed to KRT and 76,609 (40%) died (Table S3). The 2-year and 5-
year non-North American KFRE demonstrated good discriminaƟon, as shown by C-index and Brier score 
(Table S4) and also by Figure S2. CalibraƟon plots for the 5-year KRT risk predicƟons are shown in Figure 
1A, the equivalent plots for the 2-year KRT risk in Figure S3A. The 2-year risk model generally showed good 
calibraƟon but slightly underesƟmated risk in lower-risk groups and overesƟmated in higher-risk groups. 
The 5-year risk model underesƟmated risk across all groups. 
 
We recalibrated the abovemenƟoned models to beƩer fit the Swedish seƫng, the derived coefficients of 
the resulƟng “SCREAM recalibrated KFRE” are provided in Appendix 1. SCREAM recalibrated KFRE models 
improved calibraƟon, but the 5-year model conƟnued to underesƟmate risks (Figure 1B and Figure S3B). 
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OpƟmal KFRE thresholds and comparison with classic nephrologist referral models 
OpƟmal 5-year KRT risk thresholds were idenƟfied using the ROC curve (Figure S6). A threshold of 15% for 
the Non-North American KFRE and 9% for the SCREAM recalibrated KFRE provided the highest sum of 
sensiƟvity and specificity, per the Youden index. 
The predicƟon performance of these thresholds, along with KDIGO's recommended 3% and 5%, were 
compared to Swedish and classical KDIGO referral models (Table 2). All referral models and all KFRE 
thresholds showed excellent sensiƟvity (ranging from 0.91 to 0.98). However, specificity varied: classical 
KDIGO had the lowest specificity (0.63), while the highest specificity was observed at the opƟmal threshold 
for the Non-North American KFRE (0.88 at threshold 15%) and for the SCREAM recalibrated KFRE (0.89 at 
threshold 9%).  
Direct comparisons in Table S5A show both KFRE models outperform tradiƟonal criteria, offering higher 
sensiƟvity at equivalent specificity and vice versa. For example, to achieve the same sensiƟvity as the 
Swedish referral model (0.98), the threshold of the SCREAM recalibrated KFRE would need to go down to 
0.6%. SƟll, on this threshold, specificity is higher (0.70) than that achieved by the Swedish referral model 
(0.65, shown in Table 2). Table S5B directly compares the two KFRE models. At the sensiƟvity and specificity 
levels of the 3% and 5% thresholds of the Non-North America KFRE, the SCREAM recalibrated KFRE shows 
slightly worse performance, with marginally lower specificity at fixed sensiƟvity and vice versa. 
 
ClassificaƟon performance of the various referral models is shown in Table 3. Classic referral models 
(Swedish and old KDIGO) classify more observaƟons as meeƟng nephrologist referral criteria, resulƟng in 
lower PPVs and higher false posiƟve rates. Conversely, the KFRE models classify fewer observaƟons as 
eligible for referral, yielding higher PPVs, parƟcularly at the opƟmal thresholds idenƟfied by ROC curve 
analysis. All models achieved nearly perfect NPVs (~100%) and negligible rates of false negaƟves (<1%). 
Table 4 presents the reclassificaƟon matrices comparing Swedish and KDIGO referral models with KFRE at 
various thresholds. At all thresholds, both KFRE models consistently reclassify as non-eligible for referral 
many observaƟons incorrectly classified by the Swedish and classic KDIGO criteria. 
 
Model uƟlity 
NRI are presented in Figure 2 and Table S6. Both KFRE models improved classificaƟon of non-events (NRI-
) compared with classic referral models, meaning they are beƩer at idenƟfying paƟents who do not need 
referral. However, their performance in classifying events (NRI+) is slightly less accurate, indicaƟng a minor 
reducƟon in idenƟfying the absolute numbers of paƟents who need referrals. Despite this, the overall NRI 
supports KFRE models. For example, transiƟoning to a risk-based KFRE referral model using the highest 
threshold (15% for Non-North American KFRE and 9% for SCREAM recalibrated KFRE), would correctly 
reclassify 17% of observaƟons of Swedish referral model. This would be mainly achieved by avoiding many 
“unnecessary” referrals (23-24%), as those paƟents did not progress to kidney failure within 5 years.  
 
The DCA plot illustrates that KFRE models provide greater net benefit compared to tradiƟonal referral 
criteria across all the threshold probabiliƟes (Figure 3). 
 
SensiƟvity analyses  
By selecƟng a random observaƟon per individual (n=192,694 individuals), we observe similar results to our 
main analysis, with KFRE referral models outperforming tradiƟonal ones (Table S8, Figure S7). SelecƟng 
only observaƟons with ACR measurements (n=474,844 observaƟons) provided also similar findings to our 
main analysis (Table S11, Figure S8). The analysis showed consistent results across different Ɵme periods 
(Table S14). 
  

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfaf128/8195529 by belkýs helvacý user on 16 July 2025



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

Discussion  
 
By exploring kidney failure risk in this large cohort of CKD paƟents managed in primary healthcare, we 
provide support for the KDIGO 2024 guidelines recommendaƟon to transiƟon to a risk-based referral model 
(7). Using KFRE to guide referrals would significantly impact referral paƩerns and healthcare resource 
uƟlizaƟon. A risk-based KFRE referral model outperforms current criteria, primarily by reducing 
unnecessary referrals. However, we also found that using higher KFRE thresholds than those proposed by 
KDIGO would further improve the models’ performance.  
 
In Manitoba Canada, where the KFRE was iniƟally developed, a KFRE risk of >3% over 5 years has been a 
component of the nephrology referral process over the past years. Compared to the period before the 
introducƟon of KFRE, a study observed shorter waiƟng periods, and thereby improved access to care for 
paƟents at the highest risk of CKD progression (24). In the UK, two studies in primary care found KFRE 
thresholds >5 % (25) or >3% (26) superior to the UK NaƟonal InsƟtute for Health and Care Excellence (NICE) 
criteria (27). As a result, NICE changed their recommendaƟons to encourage implemenƟng a risk-based 
referral model in the UK (28). Similar prognosƟc superiority of KFRE>3% compared with Australian referral 
criteria was observed in a small study of 1511 paƟents under nephrology care (29).   
 
Our study expands preceding evidence with novel observaƟons and methodological improvements. We 
evaluate the prognosƟc performance across the enƟre KFRE risk spectrum. A key finding is the reporƟng 
of opƟmal KFRE thresholds, which were markedly higher than those suggested by guidelines. The raƟonale 
for most studies and guidelines referring to 3% and 5% thresholds is unclear, but it seems to derive from 
physician surveys (14) and the original KFRE study (13), conducted in a relaƟvely small cohort of people 
already referred to nephrologist care with CKD stages 3b-5, does not fully represent the populaƟon 
managed in primary care, in whom CKD stage 3a is more prevalent and less likely to progress to KRT within 
5 years. Our findings thus show that higher KFRE thresholds naturally improve performance. Our study also 
benefits from uƟlizing repeated observaƟons within a unified healthcare system, reducing the impact of 
fragmented care or unequal care access. Finally, we considered the compeƟng risk of death during the 
validaƟon process and considered all repeated measurements per individual to beƩer approximate real-
world scenario. 
 
Since this study was conducted in Sweden, we compared KFRE performance against current Swedish 
referral criteria. To generalize to a more general seƫng in other countries we also compared KFRE with 
common referral criteria based on eGFR, albuminuria, and refractory hypertension, widely used in naƟonal 
guidelines (5). Regardless of the model compared, KFRE offered improved prognosƟcaƟon.  
 
We demonstrate that transiƟoning to a risk-based referral model would importantly reduce the number of 
referrals by eliminaƟng false posiƟves, with the reducƟons in efforts, Ɵme and costs that this conveys. 
TranslaƟng to numbers, using the non-north American opƟmal KFRE threshold of 15% instead of the 
Swedish referral criteria would decrease the proporƟon of referrals in Stockholm region from 37% to 15%.  
Such reducƟon in consultaƟon volume is expected to decrease waiƟng Ɵmes for high-risk paƟents, thereby 
allowing for beƩer use of healthcare resources (24). This would however not be desirable if many paƟents 
progressing to kidney failure were missed. In our study, we however show that using a higher KFRE 
threshold also increased the number of true posiƟves (from 11% using the Swedish criteria to 27% with 
the opƟmal KFRE) with minimal impact on the false negaƟves, which were only 0.3% higher with the 
opƟmal KFRE referral model.  
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We recognize that our prognosƟc predicƟon cannot prove the real effect of its implementaƟon. The 
underlying assumpƟon for referral to nephrologist care is that paƟents who present late to specialty care 
have worse outcomes compared to paƟents who have a Ɵmely referral. This being said, the well-intended 
belief of a benefit of early vs late referral has not been proven in the form of a clinical trial, and most 
observaƟonal studies on this topic have focused on paƟents at a very high risk of end stage kidney disease 
(ESKD), where the late presenters have been known to the nephrology department for <3 months before 
starƟng KRT (30). QualitaƟve research (31) suggests that paƟents with advanced CKD desire to have 
prognosƟc informaƟon and are interested in knowing their risk of developing ESKD, and paƟents believe 
(32) that the use of KFRE in clinical decision making would be beneficial for them. 
 
We believe that our results can assist European policy makers in general, and Swedish ones in parƟcular, 
in their decision to adopt the suggesƟons by KDIGO guidelines and transiƟon to a risk-based referral model 
(7). For Sweden, we propose a recalibrated KFRE equaƟon that could be integrated in the automaƟc 
reporƟng of eGFR currently available in most electronic health data systems. We then suggest adopƟng a 
KFRE referral threshold of 9%, demonstraƟng the best prognosƟc value in the Swedish seƫng. For other 
non-North American seƫngs, we propose an opƟmal KFRE threshold of 15%. However, we encourage 
individual countries and health systems to invesƟgate the best-fiƫng equaƟons and thresholds tailored to 
their background risk. 
 
Our study has limitaƟons. Since our proposed thresholds were derived and tested on the same dataset the 
results may not generalize to other regions or periods, though supporƟng literature strengthens their 
potenƟal applicability (25, 26, 29). Implicit in the calculaƟon of KFRE, we could not evaluate the uƟlity of 
this model in paƟents with an eGFR of ≥60 mL/min/1.73m2. However, the 5-year risk of KRT in such paƟents 
is likely low, except perhaps for young paƟents with nephroƟc range proteinuria, which is per se an 
indicaƟon for referral to nephrology care. Moreover, numerous studies report low rates of ACR tesƟng in 
people at risk of CKD, where guidelines emphasize annual screening. This conƟnues to represent a barrier 
towards idenƟficaƟon of paƟents in need of Ɵmely referral (33). It is also important to noƟce that although 
risk-based referral models may have benefits, they do not replace educaƟonal programs directed to 
primary health care, since there are circumstances when nephrology referral should be based on other 
grounds than risk. 
 
In conclusion, transiƟoning from tradiƟonal criteria to a risk-based model for referrals to nephrologist care 
would substanƟally reduce the number of referrals, while improving the idenƟficaƟon of paƟents at highest 
risk of KRT. Our findings thus support the recommendaƟons from the 2024 KDIGO guidelines, and have 
significant implicaƟons for paƟents, clinicians, policy makers, and resource allocators.  
 

 

Data availability statement 

The data underlying this arƟcle cannot be shared publicly due to the privacy of individuals that 
parƟcipated in the study. The data may be shared on reasonable request for academic research 
collaboraƟons that fulfill GDPR as well as naƟonal and insƟtuƟonal ethics regulaƟons and standards by 
contacƟng Juan-Jesus Carrero Juan-Jesus Carrero (juan.jesus.carrero@ki.se).  

Acknowledgements 

None. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfaf128/8195529 by belkýs helvacý user on 16 July 2025



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

Funding 
 
We acknowledge the support of the Swedish Research Council (2023-01807), the US NaƟonal InsƟtute of 
Health (NIH R01DK115534), the Swedish Heart and Lung FoundaƟon (20230371) and Region Stockholm 
(ALF Medicine, FoUI-986028). 
 
Authors’ contribuƟons 
 
The study was designed by J.J.C., M.E., A.C. and A.L.F.; Data were acquired by J.J.C.; StaƟsƟcal analyses 
was carried out by A.C. with support from A.S.; InterpretaƟon was done by A.C., A.S., A.L.F., J.J.C., and 
M.E.; The draŌ of the manuscript was wriƩen by A.C. and J.J.C.; Revision of the final version of the 
manuscript was done by all authors. 

 
Conflict of interest statement 
 
The authors do not report any direct disclosure in relaƟon to this study. Unrelated to the study, J.J.C. 
reports funding to Karolinska InsƟtutet by AstraZeneca, Astellas, Amgen, Vifor Pharma, and NovoNordisk; 
personal honoraria for lectures by Fresenius Kabi, Baxter Healthcare, and AbboƩ, and being a member of 
advisory boards for Astellas, AstraZeneca, and GSK. ME reports funding from AstraZeneca and Astellas 
pharma, advisory boards from Astellas, and payment for lectures by AstraZeneca, Astellas, Boehringer-
Ingelheim, and Vifor Pharma. 

 
REFERENCES 

1. Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, Lasserson DS, et al. Global Prevalence of 
Chronic Kidney Disease - A SystemaƟc Review and Meta-Analysis. PLoS One. 2016;11(7):e0158765. 
2. Gasparini A, Evans M, Coresh J, Grams ME, Norin O, Qureshi AR, et al. Prevalence and recogniƟon 
of chronic kidney disease in Stockholm healthcare. Nephrol Dial Transplant. 2016;31(12):2086-94. 
3. Chapter 2: DefiniƟon, idenƟficaƟon, and predicƟon of CKD progression. Kidney Int Suppl (2011). 
2013;3(1):63-72. 
4. Eckardt KU, Bansal N, Coresh J, Evans M, Grams ME, Herzog CA, et al. Improving the prognosis of 
paƟents with severely decreased glomerular filtraƟon rate (CKD G4+): conclusions from a Kidney Disease: 
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney Int. 2018;93(6):1281-92. 
5. Oliva-Damaso N, Delanaye P, Oliva-Damaso E, Payan J, Glassock RJ. Risk-based versus GFR 
threshold criteria for nephrology referral in chronic kidney disease. Clinical Kidney Journal. 
2022;15(11):1996-2005. 
6. Navaneethan SD, Aloudat S, Singh S. A systemaƟc review of paƟent and health system 
characterisƟcs associated with late referral in chronic kidney disease. Bmc Nephrol. 2008;9. 
7. Kidney Disease: Improving Global Outcomes CKDWG. KDIGO 2024 Clinical PracƟce Guideline for 
the EvaluaƟon and Management of Chronic Kidney Disease. Kidney Int. 2024;105(4S):S117-S314. 
8. Carrero JJ, Elinder CG. The Stockholm CREAƟnine Measurements (SCREAM) project: Fostering 
improvements in chronic kidney disease care. J Intern Med. 2022;291(3):254-68. 
9. Schon S, Ekberg H, Wikstrom B, Oden A, Ahlmen J. Renal replacement therapy in Sweden. Scand J 
Urol Nephrol. 2004;38(4):332-9. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfaf128/8195529 by belkýs helvacý user on 16 July 2025



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

10. Carrero JJ, Fu EL, Vestergaard SV, Jensen SK, Gasparini A, Mahalingasivam V, et al. Defining 
measures of kidney funcƟon in observaƟonal studies using rouƟne health care data: methodological and 
reporƟng consideraƟons. Kidney Int. 2023;103(1):53-69. 
11. Svenskt njurregister.  [Available from: hƩps://www.medscinet.net/snr/. 
12. KDIGO 2012 clinical pracƟce guideline for the evaluaƟon and management of chronic kidney 
disease. Kidney internaƟonal. 2013;3:1. 
13. Tangri N, Stevens LA, Griffith J, Tighiouart H, Djurdjev O, Naimark D, et al. A predicƟve model for 
progression of chronic kidney disease to kidney failure. JAMA. 2011;305(15):1553-9. 
14. Tangri N, Grams ME, Levey AS, Coresh J, Appel LJ, Astor BC, et al. MulƟnaƟonal Assessment of 
Accuracy of EquaƟons for PredicƟng Risk of Kidney Failure: A Meta-analysis. JAMA. 2016;315(2):164-74. 
15. Nyman U, Grubb A, Larsson A, Hansson LO, Flodin M, Nordin G, et al. The revised Lund-Malmo 
GFR esƟmaƟng equaƟon outperforms MDRD and CKD-EPI across GFR, age and BMI intervals in a large 
Swedish populaƟon. Clin Chem Lab Med. 2014;52(6):815-24. 
16. Fu EL, Levey AS, Coresh J, Grams ME, Faucon AL, Elinder CG, et al. Accuracy of GFR esƟmaƟng 
equaƟons based on creaƟnine, cystaƟn C or both in rouƟne care. Nephrol Dial Transplant. 
2024;39(4):694-706. 
17. Sumida K, Nadkarni GN, Grams ME, Sang Y, Ballew SH, Coresh J, et al. Conversion of Urine 
Protein-CreaƟnine RaƟo or Urine DipsƟck Protein to Urine Albumin-CreaƟnine RaƟo for Use in Chronic 
Kidney Disease Screening and Prognosis : An Individual ParƟcipant-Based Meta-analysis. Ann Intern Med. 
2020;173(6):426-35. 
18. WeƩermark B, Harnmar N, MichaelFored C, Leimanis A, Olausson PO, Bergman U, et al. The new 
Swedish Prescribed Drug Register -: OpportuniƟes for pharmacoepidemiological research and experience 
from the first six months. Pharmacoepidem Dr S. 2007;16(7):726-35. 
19. Ramspek CL, Teece L, Snell KIE, Evans M, Riley RD, van Smeden M, et al. Lessons learnt when 
accounƟng for compeƟng events in the external validaƟon of Ɵme-to-event prognosƟc models. Int J 
Epidemiol. 2022;51(2):615-25. 
20. Youden WJ. Index for raƟng diagnosƟc tests. Cancer. 1950;3(1):32-5. 
21. Pencina MJ, D'AgosƟno RB, Sr., D'AgosƟno RB, Jr., Vasan RS. EvaluaƟng the added predicƟve 
ability of a new marker: from area under the ROC curve to reclassificaƟon and beyond. Stat Med. 
2008;27(2):157-72; discussion 207-12. 
22. Pencina MJ, D'AgosƟno RB, Steyerberg EW. Extensions of net reclassificaƟon improvement 
calculaƟons to measure usefulness of new biomarkers. StaƟsƟcs in Medicine. 2011;30(1):11-21. 
23. Vickers AJ, Elkin EB. Decision curve analysis: A novel method for evaluaƟng predicƟon models. 
Med Decis Making. 2006;26(6):565-74. 
24. Hingwala J, Wojciechowski P, Hiebert B, BueƟ J, RigaƩo C, Komenda P, et al. Risk-Based Triage for 
Nephrology Referrals Using the Kidney Failure Risk EquaƟon. Can J Kidney Health Dis. 
2017;4:2054358117722782. 
25. Major RW, Shepherd D, Medcalf JF, Xu G, Gray LJ, Brunskill NJ. The Kidney Failure Risk EquaƟon 
for predicƟon of end stage renal disease in UK primary care: An external validaƟon and clinical impact 
projecƟon cohort study. PLoS Med. 2019;16(11):e1002955. 
26. Bhachu HK, Cockwell P, Subramanian A, Adderley NJ, Gokhale K, Fenton A, et al. Impact of Using 
Risk-Based StraƟficaƟon on Referral of PaƟents With Chronic Kidney Disease From Primary Care to 
Specialist Care in the United Kingdom. Kidney Int Rep. 2021;6(8):2189-99. 
27. NaƟonal InsƟtute for Health and Care Excellence: Guidelines.  Chronic kidney disease in adults: 
assessment and management. London: NaƟonal InsƟtute for Health and Care Excellence (NICE) 

Copyright © NICE 2020.; 2015. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfaf128/8195529 by belkýs helvacý user on 16 July 2025



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

28. NaƟonal InsƟtute for Health and Care Excellence: Guidelines.  Chronic kidney disease: 
assessment and management. London: NaƟonal InsƟtute for Health and Care Excellence (NICE) 

Copyright © NICE 2021.; 2021. 
29. Li K, Pirabhahar S, ThomseƩ M, Turner K, Wainstein M, Ha JT, et al. Use of kidney failure risk 
equaƟon as a tool to evaluate referrals from primary care to specialist nephrology care. Intern Med J. 
2024;54(7):1126-35. 
30. Smart NA, Dieberg G, Ladhani M, Titus T. Early referral to specialist nephrology services for 
prevenƟng the progression to end-stage kidney disease. Cochrane Db Syst Rev. 2014(6). 
31. Thorsteinsdoƫr B, Suarez NRE, CurƟs S, Beck AT, Hargraves I, Shaw K, et al. Older PaƟents with 
Advanced Chronic Kidney Disease and Their PerspecƟves on PrognosƟc InformaƟon: a QualitaƟve Study. J 
Gen Intern Med. 2022;37(5):1031-7. 
32. Sparkes D, Lee L, RuƩer B, Harasemiw O, Thorsteinsdoƫr B, Tangri N. PaƟent PerspecƟves on 
IntegraƟng Risk PredicƟon Into Kidney Care: Opinion Piece. Can J Kidney Health. 2022;9. 
33. Shin JI, Chang AR, Grams ME, Coresh J, Ballew SH, Surapaneni A, et al. Albuminuria TesƟng in 
Hypertension and Diabetes: An Individual-ParƟcipant Data Meta-Analysis in a Global ConsorƟum. 
Hypertension. 2021;78(4):1042-52. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfaf128/8195529 by belkýs helvacý user on 16 July 2025



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

Table 1: DescripƟve characterisƟcs at cohort inclusion (unique individuals) and of all mulƟple 
observaƟons  

 
PaƟents, at cohort inclusion 

N = 192,964 
MulƟple observaƟons 

N = 887,388 

Baseline characterisƟcs   

Age, years 76 (69, 82) 77 (69, 83) 

Male, n (%) 93,788 (49%) 446,980 (50%) 

eGFR (mL/min/1.73 m2) 54 (46, 57) 47 (34, 55) 

Albuminuria (mg/g) 21.5 (15.6, 53.9) 27.9 (16.9, 133.1) 

Type of albuminuria test   

DipsƟck  106,706 (55%) 412,544 (46%) 

uACR  86,258 (45%) 474,844 (54%) 

ComorbidiƟes    

Hypertension  114,550 (59%) 609,002 (69%) 

Diabetes  34,279 (18%) 276,137 (31%) 

Any cardiovascular disease 61,918 (32%) 360,448 (40%) 

Coronary artery disease 25,922 (13%) 156,602 (18%) 

Cerebrovascular disease 16,757 (9%) 97,313 (11%) 

Peripheral artery disease 6,518 (3%) 45,008 (5%) 

Heart failure 19,202 (10%) 133,201 (15%) 

Drugs    

Any anƟhypertensive agents 147,831 (77%) 753,170 (85%) 

>3 anƟhypertensive agents 25,827 (13%) 170,224 (19%) 

ConƟnuous data expressed as median (interquarƟle range) and categorical as number (percentage). 
AbbreviaƟons: CKD, Chronic Kidney Disease; COPD, chronic obstrucƟve pulmonary disease; eGFR, esƟmated glomerular filtraƟon 
rate; KRT, kidney replacement treatment; uACR, urinary albumin-to-creaƟnine raƟo. 
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Table 2: SensiƟvity and specificity of nephrologist-referral models for predicƟon of 5-year KRT risk 
KFRE referral model TradiƟonal criteria 

 
Non-North American 

KFRE 
SCREAM recalibrated 

KFRE  
Swedish referral 

model 
Classic KDIGO referral 

model 

Threshold SensiƟvity Specificity SensiƟvity Specificity SensiƟvity Specificity SensiƟvity Specificity 

3% 0.98 0.72 0.95 0.82 

0.98 0.65 0.98 0.63 
5% 0.97 0.78 0.93 0.86 

9% (*) - - 0.91 0.89 
15% (*) 0.91 0.88 - - 

* OpƟmal threshold according to Youden Index 
AbbreviaƟons: KDIGO, Kidney Disease Improving Global Outcome; KFRE, Kidney Failure Risk EquaƟon; SCREAM, Stockholm 
CREAƟnine Measurements.  
 

 

 

Table 3: ClassificaƟon performance of different nephrologist-referral models for predicƟng the 5-year risk 
of KRT.   

 ObservaƟons eligible for referral ObservaƟons non-eligible for referral 
Referral 
model 

Number of 
observaƟons 
(proporƟon) 

True 
posiƟves 

(PPV) 

False 
posiƟves 

Number of 
observaƟons 
(proporƟon) 

True 
negaƟves 

(NPV) 

False 
negaƟves 

Swedish 
referral 
model 

328 039 
(37%) 

36 939 
(11%) 

291 100 
(89%) 

559 349 
(63%) 

558 647 
(99.9%) 

702 
(0.1%) 

Classic 
KDIGO 
referral 
model 

347 112 
(39%) 

36 835 
(11%) 

310 277 
(89%) 

540 276 
(61%) 

539 470 
(99.9%) 

806 
(0.1%) 

KFRE referral model 
 Non-North American KFRE 

KFRE 3% 270 136 
(30%) 

36 950 
(14%) 

233 186 
(86%) 

617 252 
(70%) 

616 561 
(99.9%) 

691 
(0.1%) 

KFRE 5% 219 313 
(25%) 

36 565 
(17%) 

182 748 
(83%) 

668 075 
(75 %) 

666 999 
(99.9%) 

1 076 
(0.2%) 

KFRE 15% 
(opƟmal*) 

130 654 
(15%) 

34 640 
(27%) 

96 014 
(73%) 

756 734 
(85%) 

753 733 
(99.9%) 

3 001 
(0.4%) 

 SCREAM recalibrated KFRE 

KFRE 3% 182 978 
(21%) 

35 970 
(20%) 

147 008 
(80%) 

704 410 
(79%) 

702 739 
(99.9%) 

1 671 
(0.2%) 

KFRE 5% 153 683 
(17 %) 

35 391 
(23%) 

118 292 
(77%) 

733 705 
(83%) 

731 455 
(99.9%) 

2 250 
(0.3%) 

KFRE 9% 
(opƟmal *) 

122 395 
(14%) 

34 348 
(28%) 

88 047 
(72%) 

764 993 
(86%) 

761 700 
(99.9%) 

3 293 
(0.4%) 

* OpƟmal threshold according to Youden Index 
AbbreviaƟons: KDIGO, Kidney Disease Improving Global Outcome; KFRE, Kidney Failure Risk EquaƟon; NPV, negaƟve predicted 
value; PPV, posiƟve predicted value; SCREAM, Stockholm CREAƟnine Measurements. 
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Table 4: ReclassificaƟon performance of the KFRE referral model (panel A non-north American KFRE, 
Panel B SCREAM recalibrated KFRE) versus the Swedish and classic KDIGO referral models in the 
predicƟon of 5-year risk of KRT.  

Panel A. Non-North American KFRE referral model 
 KFRE 3% KFRE 5% KFRE 15% (opƟmal *)  

 No referral Referral No referral Referral No referral Referral Total 
Swedish referral model 

No referral 
506 741 

(57%) 
52 608 

(6%) 
526 584 

(59%) 
32 765 

(4%) 
554 538 

(62%) 
4 811 
(0.5%) 

559 349 
(63%) 

Referral 
110 511 

(13%) 
217 528 

(24%) 
141 491 

(16%) 
186 548 

(21%) 
202 196 

(23%) 
125 843 

(14%) 
328 039 

(37%) 

Total 
617 252 

(70%) 
270 136 

(30%) 
668 075 

(75%) 
219 313 

(25%) 
756 734 

(85%) 
130 654 

(15%) 
 

Classic KDIGO referral model 

No referral 
502 525 

(57%) 
37 751 

(4%) 
524 992 

(59%) 
15 284 

(2%) 
539 543 

(61%) 
733 

(0.001%) 
540 276 

(61%) 

Referral 
114 727 

(13%) 
232 385 

(26%) 
143 083 

(16%) 
204 029 

(23%) 
217 191 

(24%) 
129 921 

(15%) 
347 112 

(39%) 

Total 
617 252 

(70%) 
270 136 

(30%) 
668 075 

(75%) 
219 313 

(25%) 
756 734 

(85%) 
130 654 

(15%) 
 

Panel B. SCREAM recalibrated referral model 
 KFRE 3% KFRE 5% KFRE 9% (opƟmal *)  

 
No 

referral 
Referral 

No 
referral 

Referral 
No 

referral 
Referral Total 

Swedish referral model 

No referral 
535 032 

(60%) 
24 317 

(3%) 
545 097 

(61%) 
14 252 

(2%) 
554 352 

(62%) 
4 997 
(0.6%) 

559 349 
(63%) 

Referral 
169 378 

(19%) 
158 661 

(18%) 
188 608 

(22%) 
139 431 

(15%) 
210 641 

(24%) 
117 398 

(13%) 
328 039 

(37%) 

Total 
704 410 

(79%) 
182 978  

(21%) 
733 705 

(83%) 
153 683 

(17%) 
764 993 

(86%) 
122 395 

(14%) 
 

Classic KDIGO referral model 

No referral 
534 599 

(60%) 
5 677 
(1%) 

538 168 
(61%) 

2 108 
(0.002%) 

539 657 
(61%) 

619 
(0.001%) 

540 276 
(61%) 

Referral 
169 811 

(19%) 
177 301 

(20%) 
195 537 

(22%) 
151 575 

(17%) 
225 336 

(25%) 
121 776 

(14%) 
347 112 

(39%) 

Total 
704 410 

(79%) 
182 978 

(21%) 
733 705 

(83%) 
153 683 

(17%) 
764 993 

(86%) 
122 395 

(14%) 
 

* OpƟmal threshold according to Youden Index 
AbbreviaƟons: KDIGO, Kidney Disease Improving Global Outcome; KFRE, Kidney Failure Risk EquaƟon; SCREAM, Stockholm 
CREAƟnine Measurements. 
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Figure 1: CalibraƟon plot of expected versus observed 5-year KRT risk of the non-North America 
calibrated KFRE (panel A) and the SCREAM recalibrated KFRE (panel B) 

 

Groups are split into 10% of predicted risk. The black dots represent the predicted and observed risk for each group. The red 
verƟcal lines represent the 95% CIs. The black line indicates perfect calibraƟon. 
AbbreviaƟons: KFRE, Kidney Failure Risk EquaƟon; SCREAM, Stockholm CREAƟnine Measurements.
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Figure 2: Net ReclassificaƟon Improvement (NRI) for selected thresholds of KFRE compared with the 
Swedish and Classic KDIGO nephrologist referral models in the predicƟon of 5-year risk of KRT.  

 

Panel A shows NRI with the Non-North American KFRE and Panel B shows NRI with the SCREAM Recalibrated KFRE. 
AbbreviaƟons: KDIGO, Kidney Disease Improving Global Outcome; KFRE, Kidney Failure Risk EquaƟon; NRI; Net ReclassificaƟon 
Index; NRI+; Net ReclassificaƟon Index for events; NRI-; Net ReclassificaƟon Index for non-events; SCREAM, Stockholm CREAƟnine 
Measurements. 
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Figure 3: Decision curve analyses comparing differences in net benefit across different nephrologist-
referral models for predicƟng the 5-year risk of KRT. 

 

Threshold probabiliƟes refer to the point at which a clinician would opt for treatment; so lower thresholds represent the clinical 
seƫng where the clinician is more concerned about missing true posiƟves and therefore is willing to act even if the probability of 
the outcome is low. While high threshold probabiliƟes mean that the clinician is more concerned about avoiding false posiƟves 
and so clinician will only act when there is a high probability of the outcome. 
 
AbbreviaƟons: KDIGO, Kidney Disease Improving Global Outcome; KFRE, Kidney Failure Risk EquaƟon; SCREAM, Stockholm 
CREAƟnine Measurements. 
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