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Abstract
Aims: The increasing prevalence of ischemic stroke (IS) can partly be explained by the 
likewise growing number of patients with chronic kidney disease (CKD). Risk scores have 
been developed to identify high-risk patients, allowing for personalized anticoagulation 
therapy. However, predictive performance in CKD is unclear. The aim of this study is to 
validate six commonly used risk scores for IS in atrial fibrillation (AF) patients across the 
spectrum of kidney function.

Methods and results: Overall, 36 004 subjects with newly diagnosed AF from SCREAM 
(Stockholm CREAtinine Measurements), a healthcare utilization cohort of Stockholm 
residents, were included. Predictive performance of the AFI, CHADS2, Modified CHADS2, 
CHA2DS2-VASc, ATRIA, and GARFIELD-AF risk scores was evaluated across three strata 
of kidney function: normal kidney function [estimated glomerular filtration rate (eGFR) 
>60 mL/min/1.73 m2], mild CKD (eGFR 30–60 mL/min/1.73 m2), and advanced CKD 
(eGFR <30 mL/min/1.73 m2). Predictive performance was assessed by discrimination 
and calibration. During 1.9 years, 3069 (8.5%) patients suffered an IS. Discrimination 
was dependent on eGFR: the median c-statistic in normal eGFR was 0.75 (range 0.68–
0.78), but decreased to 0.68 (0.58–0.73) and 0.68 (0.55–0.74) for mild and advanced 
CKD, respectively. Calibration was reasonable and largely independent of eGFR. The 
Modified CHADS2 score showed good performance across kidney function strata, both for 
discrimination [c-statistic: 0.78 (95% confidence interval 0.77–0.79), 0.73 (0.71–0.74) and 
0.74 (0.69–0.79), respectively] and calibration.

Conclusion: In the most clinically relevant stages of CKD, predictive performance of the 
majority of risk scores was poor, increasing the risk of misclassification and thus of over- 
or undertreatment. The Modified CHADS2 score performed good and consistently across 
all kidney function strata, and should therefore be preferred for risk estimation in AF 
patients.
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5.1 INTRODUCTION
The prevalence of ischemic stroke (IS) is increasing and has become a leading cause of 
morbidity and mortality worldwide.1  Chronic kidney disease (CKD) is associated with 
an increased risk of IS via various mechanisms, both specific to CKD (e.g. accelerated 
atherosclerotic vascular disease) and general risk factors, such as hypertension, diabetes 
mellitus, dyslipidemia, and ageing.2 With an estimated prevalence of 10–15% in the general 
population, a number that is increasing steadily,3 CKD may partly explain the high number 
of strokes.4,5 Atrial fibrillation (AF), which is considered the main risk factor for IS both 
in the general population and in CKD patients, is more commonly reported in this fragile 
population, an observation that may be related to shared risk factors such as age, diabetes, 
and hypertension.3,6–8

Risk scores for IS are essential to weigh the risk of IS vs. the risk of treatment-related 
bleeding and thus deliver patient-tailored therapy. In patients with CKD, this notion is 
highly relevant since these patients are at increased risk of treatment-related bleeding 
as well.9–11 Typically, most risk scores use clinical parameters (e.g. disease history) in 
combination with patient-specific characteristics (e.g. age and sex) to compute a risk 
for IS within a given prediction timeframe. Although widely used risk scores, such as 
CHADS2 and its updated version CHA2DS2-VASc, are endorsed by current guidelines on 
IS,8,12–14 their predictive performance in patients with CKD is largely unknown, as these 
risk scores have been developed in general AF populations.2,8 For incident dialysis patients, 
however, external validation studies showed poor predictive performance both for risk 
scores predicting IS and bleeding.15,16 Despite these uncertainties, the use of these clinical 
decision aids is appealing as a seemingly objective tool to standardize the allocation of 
anticoagulation therapy within CKD care. However, due to the lack of information on the 
validity of these risk scores in patients beyond the development cohorts of the original 
studies, their use comes with a risk of misclassification. The aim of the present study is 
therefore to externally validate multiple commonly used risk scores for IS in a cohort of 
patients with AF across the spectrum of kidney function.

5.2 METHODS
This study was reported in line with the TRIPOD guideline.17

5.2.1 Study population and baseline definition
We used data from the Stockholm CREAtinine Measurements (SCREAM) project, a 
healthcare utilization cohort from Stockholm, Sweden.18 SCREAM included all Stockholm 
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residents aged ≥18 years who had a measurement of serum creatinine from in- or outpatient 
care between 2006 and 2011. SCREAM includes data from about 1.3 million adults, 
corresponding to 68% of the population of the region for that period. Information on 
demographics, disease history, vital status, pharmacy-dispensed medication, and healthcare 
use was obtained by linking to regional and national administrative databases.18  All 
subjects with new-onset AF from January 2007 to December 2012 were selected. New-
onset AF was defined as the presence of ICD-10 code I48 in any diagnostic position in 
primary, outpatient specialist or hospital care, with no I48 code between 1997 (when 
ICD coding started) and 2007. Baseline was defined as the date of first occurrence of AF. 
Patients were censored at the end of follow-up (31 December 2012), when they moved 
outside the Stockholm region or died from other causes than IS. Patients with missing 
data on creatinine were excluded. Since this study utilized only de-identified data, it was 
not deemed to require informed consent. The study was approved by the regional ethical 
review boards and the Swedish National Board of Welfare.

5.2.2 Outcome and predictor definitions
Study outcomes were ascertained via linkage with the government-run National Population 
Registry, which registers all deaths without loss to follow-up, and the National Patient 
Registry with diagnosis codes for essentially all (>99%) hospitalizations. The study outcome 
was defined as hospital admission for IS (ICD-10 codes I63x, 169.3, 169.4, and 169.8 in 1st 
or 2nd diagnostic position) or IS as main cause of death. Estimated glomerular filtration 
rate [eGFR; mL/min per 1.73 m2, calculated with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) formula] was calculated using the most recent measurement prior 
to AF diagnosis (median 0.28 years). Creatinine was measured in plasma, with either an 
enzymatic or corrected Jaffe method (alkaline picrate reaction); both methods are traceable 
to isotope dilution mass spectroscopy standards. Creatinine values <25 or >1500 μmol/L 
were considered outliers and were discarded. Proteinuria (median 0.87 years prior to AF 
diagnosis) was measured by either urinary albumin-to-creatinine ratio >30, or a urine 
dipstick (range: negative, 1, 2, and 3; all positive values were regarded as proteinuria). 
Information on disease history, including previous stroke, previous bleeding, congestive 
heart failure, cardiovascular disease, hypertension, and diabetes, was obtained using ICD-
10 codes (detailed in Supplementary material chapter 5, Table S1). The overall 
positive predictive value of these diagnoses in the register is about 85–95%.19 Medication 
use, including antihypertensive and anti-diabetic drugs, was defined by registered pharmacy 
dispensations in the 180 days prior to AF diagnosis; for vitamin K antagonist or direct oral 
anticoagulant usage, dispensations in the 120 days before or up to 60 days after AF diagnosis 
were evaluated.
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5.2.3 Risk scores
Risk scores to be validated were identified from a previous systematic review.16 Based on 
availability of predictors, the following risk scores were validated: AFI,20 CHADS2,21 Modified 
CHADS2,22 CHA2DS2-VASc,23 ATRIA,24 and GARFIELD-AF.25 Scores were validated within 
the designated timeframe if specified (i.e. the prediction timeframe as specified in the original 
article), or within the maximum follow-up of the development cohort if no timeframe was 
specified. We used the same predictor definitions as the original studies where possible. An 
overview of the included risk scores, the original predictor definitions, and those used in this 
validation study is presented in the Supplementary material chapter 5, section ‘Risk 
Scores’.

5.2.4 Statistical analysis
The predictive performance of the included risk scores was assessed by their discrimination 
and calibration abilities, stratified by CKD stage, using the estimated glomerular filtration 
rate (eGFR) classification of the KDIGO (Kidney Disease: Improving Global Outcomes) 
criteria. Normal kidney function was defined as KDIGO G1-2 (eGFR >60 mL/min/1.73 m2), 
mild CKD as KDIGO G3 (eGFR 30–60 mL/min/1.73 m2), and advanced CKD as KDIGO 
G4-5 (eGFR <30 mL/min/1.73 m2). Discrimination was assessed by the concordance index 
(c-index or c-statistic), which reflects how well the risk score distinguishes between patients 
with and without the outcome of interest. The c-statistic lies between 0.5 and 1.0, which equals 
pure chance and perfect discrimination, respectively. In general, c-statistic <0.7 is considered 
poor to moderate, 0.8 is considered good, and >0.9 excellent. For logistic risk scores, an area 
under the receiver operating curve was calculated. For Cox models, Harrell’s c-statistic was 
calculated. Calibration describes the agreement between the predicted and actual probabilities 
of the outcome. It is typically presented in a calibration plot or calibration in the large 
(population average observed frequency and average predicted probability). In case of ideal 
calibration, the slope of the calibration curve would be 1 (i.e. a 45 degree line: predicted 
probability equals observed probability); for calibration in the large, the average observed 
and predicted probabilities would be equal. When risk scores presented an event rate instead 
of cumulative incidence, the cumulative incidence was approximated, as done in a previous 
study16 (method detailed in Supplement material chapter 5, section ‘Formulae’). To 
assess the effect of the prediction timeframe (i.e. the time between baseline and when the 
outcome can occur, e.g. at 1 year for the CHA2DS2-VASc23 and GARFIELD-AF25 scores, and 
5 years for the Modified CHADS2 score22) on the predictive performance, the included risk 
scores were sequentially validated for different timeframes at monthly intervals, and c-statistics 
and calibration in the large were plotted over the entire follow-up duration of SCREAM. 



Chapter 5

106

This analysis may provide insight into the stability of the performance of risk scores and the 
dependency on the prediction timeframe. We conducted this analysis since it is not uncommon 
for clinicians to extrapolate or interpolate the predicted risks over time and we hypothesized 
that both discrimination and calibration would be highest at the timeframe for which the risk 
score was developed.

5.2.5 Sensitivity analyses
Three sensitivity analyses were conducted. First, an analysis using a broader, composite 
outcome definition of IS including transient ischemic attacks (TIAs; ICD-10 codes detailed 
in Supplementary material chapter 5, Table S1). Second, an analysis stratified on 
anticoagulation use, which included both vitamin K antagonists and direct oral anticoagulants. 
Lastly, we validated the included risk scores in subgroups with smaller eGFR ranges than 
the KDIGO stages to further explore the effect of eGFR on score performance. To compare 
the calibration in the large of the different risk scores, the mean squared error (MSE) of 
the average predicted and observed probabilities per eGFR cut-off (n = 11) was calculated. 
The MSE is the average of the differences between the predicted and observed risks. Lower 
values indicate a good concordance between these risks, while higher values indicate over- or 
underprediction, or a combination of both. The methods used to approximate the cumulative 
incidence and calculate the MSE are further detailed in the Supplementary material 
chapter 5, section ‘formulae’.

5.3 RESULTS
5.3.1 Demographics
Of the 1 372 425 healthcare users in Stockholm included in SCREAM, 39 260 subjects 
were diagnosed with AF between 2007 and 2011, of which 3256 were excluded because 
of missing information on eGFR, leaving a total of 36 004 subjects eligible for analysis 
(Figure 5.1). At a median follow-up of 1.88 years, a total of 3069 (8.5%) IS occurred: 
1946 (7.4%) of the 26 249 patients with normal kidney function, 1018 (11.8%) of the 8625 
patients with mild CKD, and 105 (9.3%) of the 1130 patients with advanced CKD. The 
baseline characteristics of the included subjects, together with an overview of the study 
demographics of the validated risk scores, are presented in Table 5.1. 
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Figure 5.1 Flowchart of patient inclusion in SCREAM. AF: atrial fibrillation. 

5.3.2 Discrimination
C-statistics of most risk scores were lower across worsening kidney function categories 
(Table  5.2, Figure  5.2). For the AFI score, c-statistics were 0.68 (95% confidence 
interval 0.67–0.69) in AF patients with normal kidney function, 0.58 (0.57–0.59) in those 
with mild CKD and 0.55 (0.51–0.59) in patients with advanced CKD. The c-statistics for 
the CHADS2 were relatively stable. The Modified CHADS2 score showed the highest and 
consistent discriminatory abilities in all kidney function groups [0.78 (0.77–0.79), 0.73 
(0.71–0.74), and 0.74 (0.69–0.79), respectively]. The CHA2DS2-VASc score showed moderate 
discrimination in AF patients with normal kidney function, but poor discrimination in 
mild and advanced CKD. The ATRIA risk score showed good discrimination in AF 
patients with normal kidney function, but moderate in those with mild and advanced 
CKD, as did the GARFIELD-AF risk score.
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Figure 5.2 Visualization of the predictive performance, stratified by the three eGFR categories. Left: 
C-statistic (dot) with 95% confidence interval (bar). Middle: calibration in the large, showing the 
average observed (asterisk) and predicted (bar) probabilities for ischemic stroke. Left: the ratio of the 
predicted/observed risks – ratio’s above one indicate overprediction, ratio’s below underprediction. 
Differences in the observed risks are due to the prediction timeframe of the validated risk scores, and 
calculation methods (i.e. Cox or logistic). 

5.3.3 Calibration
Most risk scores showed modest calibration, largely independent of kidney function 
(Figures 5.2 and 5.3; Table 5.2). For the AFI score, the calibration in the large 
showed overprediction in all kidney function categories. The CHADS2 score underpredicted 
risks in the three kidney function categories. The Modified CHADS2 score showed good 
calibration for the normal eGFR and mild CKD group, but slight overprediction in the 
advanced CKD group, especially so for the higher-risk patients. The CHA2DS2-VASc 
score underpredicted risks. The ATRIA score underpredicted the risk of IS. Finally, 
the GARFIELD-AF underpredicted the risk of IS in the normal eGFR category, but 
overpredicted the risks in mild and advanced CKD. The calibration plots illustrated the 
inaccuracy of most risk scores for patients with a high risk of IS, regardless of CKD stage, 
and also underlined the differences in the broadness of the prediction range (i.e. the range 
of possible predicted risks) (0–0.077 for CHA2DS2-VASC to 0.002–0.521 for GARFIELD-
AF).
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Figure 5.3 Calibration plots showing observed and predicted probabilities for ischemic stroke in 
patients with CKD and AF in SCREAM. Figure 5.3A: AFI; B: Modified-CHADS2; C ATRIA; D: 
CHADS2; E: CHA2DS2-VASc; F: GARFIELD-AF 

5.3.4 Effect of the prediction timeframe on predictive 
performance
C-statistics were relatively stable over time, with most risk scores showing only a mild 
decrease in c-statistic, and subsequently stabilization (Figure 5.4, upper panel; stratified 
for CKD stages see Supplementary material chapter 5, Figure S9). For calibration 
in the large, the optimal prediction timeframe was shorter than in the development studies 
for CHADS2 (optimal timepoint at 6 months, developed for 12 months), CHA2DS2-VASc (1 
and 12 months, respectively), ATRIA (optimal at 17 months, validated at 29 months) and 
only marginally so for GARFIELD-AF (optimal at 9 months, developed for 12 months), 
and longer for the AFI (optimal at 49 months, validated at 28 months). The Modified 
CHADS2  score (developed for 60 months) did not reach an optimal timepoint within 
72 months (Figure  5.4, lower panel; stratified for CKD stages,  Supplementary 
material chapter 5, Figure S10).
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Figure 5.4 Effect of prolonging the prediction timeframe on the predictive performance in patients 
with AF, not stratified for CKD stage. Above the effect on discrimination (C-statistic with confidence 
interval); below the effect on calibration in the large. Risk scores were validated 72 times; each time 
prolonging the prediction timeframe with one month until the maximum follow-up of 72 months was 
reached. Dotted crosslines indicates the prediction timeframe for which the risk score was developed 
and the corresponding predictive performance, optimal calibration in the large indicated with T, 
followed by time in months. Stratification per CKD stage is presented in the Supplementary 
material chapter 5, Figures S9-10.
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5.3.5 Sensitivity analyses
For discrimination, when validated for IS and TIA instead of IS only (sensitivity analysis 
1, detailed in Supplementary material chapter 5, Tables S2 and S3; Figure S4), 
outcomes were comparable to the main analysis. Stratification by anticoagulation use 
(sensitivity analysis 2, Supplementary material chapter 5, Tables S4–S7; Figure 
S4) showed similar results, indicating independence from anticoagulation usage, but with 
broader confidence intervals due to smaller sample sizes. For most risk scores, there was a 
trend towards poorer discrimination in patients with lower eGFR compared with higher 
eGFR (sensitivity analysis 3, Supplementary material chapter 5, Table S8, Figure 
S6). The Modified CHADS2 score showed consistently good discriminatory abilities, both 
in the main analysis and in sensitivity analyses. For calibration, the findings of the main 
analysis were consistent with the sensitivity analyses 1 and 2 (Supplementary material 
chapter 5, Tables S3 and S5; Figures S1- 3, and S5). The difference between the 
mean observed and predicted probabilities (calibration in the large) over the eGFR strata 
(sensitivity analysis 3, Supplementary material chapter 5, Figure S7) was stable, as 
illustrated with the low MSE values, indicating independence of the accuracy of risk scores 
from eGFR (Supplementary material chapter 5, Table S9, Figure S8). Modification 
of the outcome, using only ICD-10 I63x, showed similar predictive performance, though 
the number of events decreased to 2572 with corresponding broader confidence intervals 
for the c-statistics (Supplementary material chapter 5, Section A).

5.4 DISCUSSION
In this cohort study of 36  004 patients with AF, we externally validated six commonly 
used risk scores for IS. Although most risk scores showed moderate to good discrimination 
in patients with normal kidney function, discrimination was less accurate in moderate and 
advanced CKD. Calibration was largely independent of kidney function, and most risk scores 
either over- or underpredicted the risk of IS in one or more CKD categories. The broadness of 
the prediction range (i.e. the scores’ ability to differentiate between low and high risks given 
the range of possible predicted risks) differed greatly between risk scores. The effect of the 
prediction timeframe influenced the predictive performance: discrimination showed an initial 
decrease for the shorter timeframes, but stabilized thereafter, indicating that, with regard to 
discrimination, risk scores can be used to predict IS on a longer or shorter prediction timeframe 
than designed in the original studies. For calibration, the optimal prediction timepoint differed 
substantially with the timepoint in the original study of most risk scores. Our results support 
the use of the Modified CHADS2 score22 in clinical practice as it showed good and consistent 
discrimination and calibration in all three kidney function categories.
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Given the increasing prevalence of CKD, and the frequent use of risk scores for IS in 
the care of patients with CKD, there is surprisingly little information on the predictive 
performance in this high-risk population. Except for GARFIELD-AF and ATRIA, none 
of the validated risk scores included patients with CKD in their development cohorts, 
or CKD-specific predictors26  in their risk score. Furthermore, external validation—the 
cornerstone for assessment of predictive performance in ‘real-world’ patients—of these 
risk scores is essential, but seldom performed. So far only a few studies included patients 
with CKD in their validation cohorts, with conflicting results: one large study on 14 264 
patients with AF and eGFR >30 mL/min validated both the CHA2DS2-VASc and 
CHADS2 scores showing poor discrimination (c-statistic of 0.578 and 0.575, respectively), 
but did not present information on calibration.27 In another study on 307 351 patients 
with AF, these two risk scores performed considerably better and more in line with our 
results (c-statistics of 0.71 and 0.72, respectively). However, again no information on 
calibration was reported.28 Finally, several studies with substantial smaller sample sizes 
evaluated the same risk scores, yielding comparable results, but as with the previous 
studies, none calculated the agreement between observed and predicted risks.29–32 Yet, 
from a clinical point of view, it could be argued that this calibration, which indicates the 
precision of the predicted absolute risks, is clinically more important than discrimination 
in the setting of weighing the risks of IS and severe bleeding due to anticoagulation. This 
is especially relevant for patients with AF and CKD, as both the risks of IS and severe 
bleeding are increased.9–11 For the clinician facing such a patient, using a risk score may 
seem an objective method to decide on anticoagulation therapy. However, as our study 
demonstrates, most of the validated risk scores for IS in this clinically relevant population 
either substantially over- or underpredict this risk. Although the Modified CHADS2 score 
showed reasonable performance and would currently be the preferred risk estimation tool 
for patients with AF and CKD, ideally new risk scores should be developed and validated 
in this high-risk population. Prediction of bleeding risk appears to be equally influenced 
by kidney function, though data are only available for patients on dialysis.12 This effect 
on predictive performance is not without consequence. Underprediction of IS risk, when 
weighed with bleeding risk, will result in less patients being treated with anticoagulation 
and consequently, an increased IS incidence, while overprediction will result in 
overtreatment and increased bleeding incidence. Regardless, most clinical guidelines on IS 
prevention recommend using the CHA2DS2-VASc score8,12,13—which showed poor predictive 
performance in patients with and without CKD alike. Finally, the AFI, Modified CHADS2, 
ATRIA, and GARFIELD-AF risk scores have not been validated in patients with CKD.
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Predictive performance decreased in the more clinically relevant groups of mild and 
advanced CKD, especially so for discrimination. Two mechanisms may have contributed 
to this. First, most risk scores were developed in general AF patients, and most of 
these studies did not include patients with CKD in their development cohort. When 
validating these risk scores that were developed in such heterogeneous populations in 
a more homogeneous population, such as patients with CKD, predictive performance—
and especially discrimination—may drop.33 While the included predictors may predict 
well in general AF cohorts, other more CKD-specific predictors of IS may better 
discriminate in this relatively homogeneous population. These include for example eGFR 
(which was used in ATRIA and GARFIELD-AF), proteinuria (used in ATRIA), primary 
kidney disease, presence of atherosclerotic vascular disease,2 or various biomarkers (e.g. 
myeloperoxidase34 or fibroblast growth factor-23,35 amongst others36). Second, although 
we expected a comparable drop in c-statistics for the even more homogeneous patients 
with advanced CKD, the c-statistics of these groups were roughly equal. This may have 
been due to chance however: the absolute number of events in the advanced CKD group 
was smaller, and the level of precision consequently lower. Finally, while we ensured 
conformity between the predictor definitions of the original studies and our validation 
cohort, we deliberately validated these risk scores for the same outcome definition of IS. 
Indeed, most studies were developed to predict the probability of a composite outcome 
(e.g. CHA2DS2-VASc predicts a composite outcome of IS, TIA, peripheral and pulmonary 
embolisms). Although predictive performance might improve from validating each risk 
score for their specific outcome, comparability of these risk scores would then become 
impossible, especially when the composite outcome includes counterintuitive components, 
such as IS and hemorrhagic stroke. Another reason for using this outcome definition is the 
clinical usage: these risk scores are usually used for prediction of IS alone in the clinical 
setting. To test this effect, we included TIA as a composite outcome in a sensitivity 
analysis, which was included in most risk scores as part of the outcome. As this did not 
alter the results, we do not expect the effect of this outcome definition to be substantial.

5.4.1 Strengths and limitations
Our study has several strengths, but also limitations. The main strength is our large and 
well-defined source population, which allowed for a head-to-head comparison of multiple 
risk scores in well-characterized participants. Our study also provides information on 
calibration - the agreement between the predicted and observed risks - information that is 
essential for weighing IS and bleeding risk. Consistently with previous studies,4,5 patients 
with more severe CKD stages in our study had a markedly increased risk of stroke. 
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A first limitation of our study is the large proportion of anticoagulation users in our 
population. Stratification for anticoagulation users and non-users yielded similar results, 
although discrimination was slightly poorer in anticoagulation users. Second, the cut-
offs for the CKD groups might have influenced the predictive performance. Although of 
clinical relevance and in line with the KDIGO classification, we aimed to further explore 
the correlation between discrimination and kidney function. When stratified in smaller 
groups than the three kidney function groups, it was again shown that for most risk scores 
discrimination decreased with worsening of kidney function, while calibration remained 
relatively stable. Third, Swedish regulations do not allow the recording of ethnicity in 
registers, and we assumed our population to be primarily Caucasian.37 Disparities in IS 
risk may be explained by ethnicity,38 for example, blacks have a two-fold increased risk of 
stroke compared with non-Hispanic white adults,39 and the predictive performance of two 
different scores (QRISK2 and Framingham scores) was indeed influenced by ethnicity.40 In 
line with recent debates on the adequacy of the correction factor for African American 
ethnicity41–43 in eGFR calculation, extrapolation of our results to other ethnicities should 
be done with caution. Fourth, because the prediction timeframes differed for the validated 
risk scores, we were unable to formally compare the predictive performance. Fifth, the use 
of routinely collected laboratory data may be a source of bias: for example proteinuria, 
a predictor used for one study (ATRIA), is not routinely measured, and measurements 
are performed in persons at risk. Finally, in daily clinical practice, it is not uncommon 
to categorize or dichotomize risk scores (e.g. CHA2DS2-VASc is often categorized in zero 
points, one point, or greater than one). Dichotomization results in loss of information44 and 
our sensitivity analysis showed poor performance when validated in commonly used 
categories. Furthermore, most risk scores were updated many times after publication. We 
decided to validate the scores as intended by the authors of the original scores, instead of 
choosing one of the many updates or categorizations, although this may not represent the 
clinical use of these risk scores.

5.4.2 Implications and conclusion
Our study demonstrated moderate to poor predictive performance of various risk 
scores for IS in patients with AF and CKD and emphasizes how diff i cult this prediction 
is, underlining the statistical work that needs to be done in the field. For most risk 
scores, discriminatory abilities decreased in clinically relevant patients with mild and 
advanced CKD. However, calibration, which is essential for weighing the risk of IS and 
treatment-related bleeding, was less dependent on kidney function but still most risk 
scores either over- or underpredicted IS risk, or a combination of both. Prediction of IS 
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risk should be accurate and weighed against the risk of treatment-related bleeding. To 
this aim, either new scores incorporating CKD-specific predictors should be developed, 
or alternatively, existing and externally validated scores should be combined to increase 
predictive performance in this clinically relevant population, for example using ensemble 
modelling. As most risk scores used different prediction timeframes, this was unfeasible 
in our study. By conducting a head-to-head comparison of multiple scores , this study 
provides the clinician with information on which risk score perform well for different 
prediction timeframes. The Modified CHADS2 score showed the best and most consistent 
predictive performance in all CKD stages and we suggest it is the preferred risk score to 
apply in clinical practice. These findings can inform the choice of risk scores in clinical 
practice, particularly in patients with mild to severe forms of CKD, which have not always 
been considered when these scores were developed.
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