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Abstract

Background: Current clinical decision tools for assessing bleeding risk in individuals with 

atrial fibrillation (AF) have limited performance and were developed for individuals treated with 

warfarin. This study develops and validates a clinical risk score to personalize estimates of 

bleeding risk for individuals with AF taking direct-acting oral anticoagulants (DOACs).

Methods: Among individuals taking dabigatran 150mg twice per day from 44 countries and 

951 centers in this secondary analysis of the RE-LY trial, a risk score was developed to 
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determine the comparative risk for bleeding, based on covariates derived in a Cox proportional 

hazards model. The risk prediction model was internally validated with bootstrapping. The model 

was then further developed in the GARFIELD-AF registry, with individuals taking dabigatran, 

edoxaban, rivaroxaban, and apixaban. To determine generalizability in external cohorts and among 

individuals on different DOACS, the risk prediction model was validated in the COMBINE-AF 

pooled clinical trial cohort and the RAMQ administrative database. The primary outcome was 

major bleeding. The risk score, termed the DOAC Score, was compared to the HAS-BLED score.

Results: Of the 5684 patients in RE-LY, 386 (6.8%) experienced a major bleeding event, within 

a median follow-up of 1.74-years. The prediction model had an optimism-corrected C statistic 

of 0.73 after internal validation with bootstrapping and was well-calibrated based on visual 

inspection of calibration plots (goodness-of-fit P = 0.57). The DOAC Score assigned points for 

age, creatinine clearance/glomerular filtration rate, underweight status, stroke/transient ischemic 

attack/embolism history, diabetes, hypertension, antiplatelet use, non-steroidal anti-inflammatory 

use, liver disease, and bleeding history, with each additional point scored associated with a 48.7% 

(95% CI: 38.9%-59.3%, P<0.001) increase in major bleeding in RE-LY. The score had superior 

performance to the HAS-BLED score in RE-LY (C Statistic: 0.73 vs 0.60, P for difference <0.001) 

and among 12,296 individuals in GARFIELD-AF (C statistic: 0.71 vs 0.66, P for Difference = 

0.025). The DOAC Score had stronger predictive performance than the HAS-BLED score in both 

validation cohorts, including 25,586 individuals in COMBINE-AF (C statistic: 0.67 vs 0.63, P for 

Difference <0.001) and 11,945 individuals in RAMQ (C statistic: 0.65 vs 0.58, P for Difference 

<0.001).

Conclusion: In individuals with AF potentially eligible for DOAC therapy, the DOAC Score can 

help stratify patients based on expected bleeding risk.
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INTRODUCTION

Patients with atrial fibrillation (AF) are at an increased risk for antithrombotic events 

(ischemic stroke/systemic emboli), a risk that is reduced with oral anticoagulation.[1] When 

deciding to initiate anticoagulation, clinicians must balance the tradeoffs of decreasing 

the risk of antithrombotic events against increasing the risk of bleeding.[1] While the 

decision to prescribe oral anticoagulants is straight-forward for certain patients, assessing 

this tradeoff can be particularly challenging in some patients, especially in the elderly, those 

with multiple comorbidities, and those at increased risk for bleeding.[1,2]

The CHA2DS2-VASc risk score was developed to assist clinicians in estimating the risk 

of ischemic stroke/systemic emboli risk in individuals with AF[3] and has been endorsed 

for clinical use by major cardiovascular societies.[1,4,5] Assessing bleeding risk, however, 

has been more challenging, as bleeding risk scores have exhibited limited discrimination, 

are difficult to use in clinical settings, have received fewer endorsements by professional 

societies, and are consequently less clinically useful.[1,6–9] The most popular and predictive 
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clinical tool for determining bleeding risk in patients with AF is the HAS-BLED score. 

[10,11] This risk score, however, has demonstrated limited accuracy in multiple studies 

and was developed in cohorts of few bleeding events.[6,8–10] Additionally, HAS-BLED 

was developed for patients taking warfarin, whereas many patients are now treated with 

direct-acting oral anticoagulants (DOACs).[1] The risk score requires specifying warfarin 

anticoagulation quality (i.e., labile international normalized ratio [INR]), a metric that does 

not apply to patients taking DOAC, making incorporation of this score for patients on 

DOAC therapy, challenging. Having an improved decision tool to assess bleeding risk 

for individuals on more contemporary therapies would inform shared-decision making 

conversations with patients who have AF.[7]

In order to address the current clinical need for a bleeding risk prediction tool relevant to 

contemporary populations of AF patients, the “DOAC Score” was developed and validated.

METHODS

Because of the sensitive nature of the data collected for this study, requests to access the 

dataset from qualified researchers trained in human subject confidentiality protocols may be 

sent to Vivli (https://vivli.org), GARFIELD-AF investigators (https://af.garfieldregistry.org), 

TIMI Study Group (https://timi.org), or to RAMQ (https://www.ramq.gouv.qc.ca/en).

DEVELOPMENT COHORT

The bleeding risk prediction tool was initially developed in the RE-LY trial (N=18,113) 

dabigatran 150mg group. [12] The RE-LY trial has previously been described.[12] In brief, 

RE-LY was a multicenter clinical trial evaluating antithrombotic and bleeding outcomes for 

patients with AF on dabigatran 150 mg, dabigatran 110 mg, or warfarin. Individuals were 

enrolled from 951 clinical centers and 44 different countries, with enrollment occurring 

from 2005-2007 (follow-up through 2009).[12] Initial model development was based on the 

150mg twice daily arm of RE-LY. The model was then further developed, prior to validation, 

among GARFIELD-AF individuals,[13] as GARFIELD-AF included a large proportion of 

patients on apixaban and rivaroxaban, so development could occur among individuals on a 

variety of DOACs. This second stage of development was termed as model refinement.

For model development, individuals were included in the RE-LY development cohort if they 

were treated with a standard dose DOAC (dabigatran 150 mg twice daily) and were required 

to be on treatment. Individuals with missing follow-up data (N=48) or missing predictor 

variable data (N=344) were excluded (final cohort: N=5684). While standard dose DOAC 

was used for the development cohort, the performance of the algorithm for individuals 

prescribed dabigatran 110 mg twice daily was also evaluated, as this dose is approved for 

use in certain non-US countries and has different efficacy and safety outcomes.[12] The 

same inclusion/exclusion criteria were applied for this cohort (final low-dose cohort: N = 

5594). Outcomes in RE-LY were adjudicated by experts blinded to the treatment received by 

the individual.
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PREDICTORS

A total of 15 baseline variables were selected as potential predictors of bleeding 

outcomes. Predictor variables were selected based on prior evidence for association with 

bleeding risk or clinical judgement,[8,10,14] and included: age, sex, body mass index, 

creatinine clearance/glomerular filtration rate (calculated by the Cockcroft–Gault equation), 

smoking history, alcohol use, stroke/transient ischemic attack/systemic embolism history, 

prior bleeding history (minor or major), liver disease, coronary artery disease, heart 

failure, diabetes, hypertension, aspirin or dual antiplatelet therapy use, and non-steroidal 

anti-inflammatory use.[6,10,14] Variables were determined prior to model development. 

Recognizing that creatinine clearance was used in RE-LY for development, and glomerular 

filtration rate is more clinically accessible, cohorts enriched for categorization based on 

chronic kidney disease stages (GARFIELD-AF, and RAMQ) were included, as these 

classifications are based on glomerular filtration rate.[15] Definitions and categorizations 

of the variables are presented in detail in Supplemental Table 1.

OUTCOMES

The primary outcome was major bleeding at one-year. Major bleeding in RE-LY was defined 

per the International Society on Thrombosis and Haemostasis (ISTH) criteria: a 20 gram 

per liter reduction in hemoglobin, 2-unit transfusion need, fatal bleeding, or symptomatic 

bleeding in a critical area or organ.[12,16] The secondary outcome was life-threatening 

bleeding at one-year, a subset of major bleeding. Life-threatening bleeding was defined as 

bleeding causing death, bleeding resulting in a 50 gram per liter reduction in hemoglobin, 

bleeding requiring a 4 unit or greater transfusion, bleeding requiring inotropic agents, or 

bleeding necessitating surgical intervention.[12]

DEVELOPMENT OF A BLEEDING PREDICTION MODEL

To develop the bleeding prediction model, statistical methods were employed similar to 

those used for other prediction scores.[17–19]. The association of major bleeding outcome 

with predictor variables were assessed with univariate Cox regression analysis, retaining 

all variables with a significance threshold of less than 0.30. A stepwise selection approach 

was then used with the remaining candidate variables to determine the final variables for 

the risk prediction score, optimizing the Aikike Information Criterion (AIC) and using 

a 0.10 significance level. Individuals without events were censored at the time of last 

anticoagulation dose. Variables with likely high-predictive ability based on clinical rationale 

but low event counts in the development cohort (bleeding history and liver disease) were 

retained in the final model based on clinical validity, similar to prior approaches for 

developing other risk scores.[10] The competing risk of mortality and thrombotic events 

were accounted for using the Fine-Grey approach.[20]

The initial model was a Cox proportional hazard model, fit for the entire study period of 

RE-LY. Model discrimination was evaluated with the Harrell’s C statistic, determining this 

estimate for the overall-study period and at one-year. One-year was chosen for ease of 

clinical interpretation. For the one-year analyses, individuals were censored at this time of 

follow-up. Calibration was evaluated by visual examination of calibration plots and by the 

use of the corrected Nam and D’Agostino goodness-of-fit-test.[21] Internal bias-correction 
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was performed (for internal validation) by bootstrapping, which involved resampling with 

replacement of 200 iterations of the development cohort. The C statistic was penalized for 

the optimism from the bootstrapped resamples.[22] As missing data was <5% per variable in 

the development cohort, no correction techniques were applied in the development cohort.

DEVELOPMENT OF A SIMPLIFIED CLINICAL RISK PREDICTON TOOL—To 

facilitate clinical implementation, the final multivariable model was converted into a 

simplified points-based scoring system, termed the DOAC Score. Points were assigned 

proportional to model coefficients.[18] The highest scoring individuals were combined into 

one maximum score category, such that the highest scoring category had at least 50 major 

bleeding events. This was done to prevent overestimation of risk in the highest risk group.

[19] A Cox proportional hazard model was then fit with the DOAC Score. Patients were 

then censored at one-year or time-to-first event, whichever occurred first. Discrimination and 

calibration were assessed for the points-based model at one-year and at the end of follow-up. 

Performance of the DOAC Score was compared to the HAS-BLED score, with statistical 

differences determined using DeLong’s method.[23] For the labile INR variable, which is 

not applicable to DOACs, individuals were assumed to not have labile INRs as dosing 

adjustments are not necessary on DOACs. Performance of the algorithm was also assessed in 

the low-dose DOAC arm.

Individuals’ scores were categorized into clinical risk groups based on 1-year major bleeding 

rates in RE-LY, to facilitate clinical interpretation. Rates were determined by Kaplan-Meier 

estimates. Risk groups included: very low risk (<1.00% major bleeding per year), low risk 

(1.00%-1.99%), moderate risk (2%-4.99% per year), high risk (5.00%-10% per year), and 

very high risk (≥10% per year).

MODEL REFINEMENT—The model was refined in GARFIELD-AF. GARFIELD-AF is 

a multi-national registry of adults with recently diagnosed AF and at least one risk factor 

for stroke (N=34,903).[13] GARFIELD-AF was used for refinement due its non-clinical 

trial population, broad inclusion criteria, enrollment of individuals from many countries, 

stringent quality checks for outcome ascertainment, and large cohort size. Individuals were 

included if they were on any DOAC, irrespective of dose. Recruitment occurred from 

2013 to 2016, with follow-up through 2019 (GARFIELD-AF cohort 3-5). Individuals with 

missing follow-up information were excluded. For any missing data, multiple imputation 

was applied. The final cohort consisted of N=12,296. The primary outcome for validation 

was major bleeding, defined similarly to RE-LY (per ISTH criteria, see Supplemental 

Methods in the Supplement). Life-threatening bleeding could not be assessed in this cohort.

The DOAC Score’s predictive performance for the primary outcome was evaluated in 

GARFIELD-AF. The variables with poor association for the primary outcome were 

identified. These variables were then modified based on evidence review or excluded. 

Then a Cox regression model was re-fit to the development cohort RE-LY and coefficients 

were re-estimated. Performance of the updated DOAC Score was then compared with the 

HAS-BLED score in GARFIELD-AF using DeLong’s method.[23]
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EXTERNAL VALIDATION—External validation was conducted in two different cohorts: 

the COMBINE-AF clinical trials, and the RAMQ administrative database. Different external 

cohorts were used to capture different populations and maximize generalizability of the risk 

score.

COMBINE-AF has previously been described.[24] In brief, this cohort consists of five 

randomized control trials (RE-LY, ROCKET AF [Rivaroxaban Once Daily Oral Direct 

Factor Xa Inhibition Compared With Vitamin K Antagonism for Prevention of Stroke and 

Embolism Trial in AF[25], ARISTOTLE [Apixaban for Reduction in Stroke and Other 

Thromboembolic Events in AF][26], ENGAGE AF-TIMI 48 [Effective Anticoagulation 

With Factor Xa Next Generation in AF–Thrombolysis in Myocardial Infarction 4][27], and 

AVERROES [Apixaban Versus Acetylsalicylic Acid [ASA] to Prevent Stroke in AF Patients 

Who Have Failed or Are Unsuitable for Vitamin K Antagonist Treatment][28]) (N=77,282). 

ROCKET AF, ARISTOTLE, and ENGAGE AF-TIMI 48 were clinical trials comparing 

DOACs (rivaroxaban, apixaban, edoxaban respectively) with warfarin in patients with AF. 

AVERROES was a clinical trial comparing apixaban to aspirin in patients unsuitable for 

vitamin K antagonist therapy.

RE-LY was used as the development cohort and was thus excluded from COMBINE-AF 

for external validation. Only adults on DOAC therapy with a factor Xa inhibitor were 

included (apixaban, rivaroxaban, or edoxaban). Adults on apixaban and rivaroxaban meeting 

eligibility for dose-reduced anticoagulation were dose reduced. Among adults who were 

enrolled in ENGAGE-AF-TIMI 48 in COMBINE-AF, only those in the high-dose edoxaban 

group were included, based on regulatory approval of this dosing scheme.[29] The high-dose 

edoxaban group consisted of 60mg as standard dosing, with dosing halved if patients had 

an estimated creatinine clearance of 30-50 ml/min, a body weight of 60kg or less, or use 

of verapamil or quinidine. The final cohort consisted of N=25,586. One-year performance 

of the DOAC Score was then determined and compared performance to the HAS-BLED 

score. The primary outcome included major bleeding defined similarly to RE-LY (per 

ISTH criteria, see Supplemental Methods in the Supplement). As COMBINE-AF recorded 

fatal bleeding instead of life-threatening bleeding, this outcome was used as the secondary 

outcome in this cohort. Fatal bleeding was defined in Supplemental Methods in the 

Supplement. The DOAC Score and the HAS-BLED score were compared with DeLong 

p-values.

The second validation was conducted in the RAMQ administrative database. This cohort 

has previously been described.[30] In brief, RAMQ includes data on patients receiving care 

in Canada. Adults were identified by hospitalization between January 1, 2011 to December 

31, 2017. Individuals with a primary or secondary diagnosis of AF were identified using 

ICD-9 (427.3, 427.31 or 427.32) and ICD-10 (I-48) codes at time of hospital admission 

(2011-2017). Patients who then filled at least one prescription for rivaroxaban 20mg daily or 

apixaban 5mg twice per day were included, and then longitudinally followed after hospital 

stay. The final cohort consisted of N=11,945 individuals. Definitions for predictors were 

either directly recorded in the database or for those not directly recorded, were based 

on ICD-9 and ICD-10 codes (in Supplemental Methods in the Supplement). The primary 

outcome was major bleeding and defined using ICD-9 and ICD-10 codes (Supplemental 
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Methods in the Supplement). Life-threatening bleeding could not be assessed. The DOAC 

Score and HAS-BLED were compared using pairwise differences of the C statistic at 

one-year.[31]

Analyses adhered strictly to TRIPOD recommendations for development and validation 

of clinical prediction models (Supplement).[32] The study was determined to be not 

human subjects research by the Beth Israel Deaconess Medical Center institutional review 

board due to use of deidentified data. RE-LY, GARFIELD-AF, and COMBINE-AF were 

performed in accordance with local data protection regulations that were in place at the time 

of study conduct and all study participants provided written informed consent. RAMQ was 

approved for informed consent waiver. Model development and internal validation was done 

at the Smith Center for Outcomes Research in Cardiology, Beth Israel Deaconess Medical 

Center in Boston, MA, using R version 3.4.1 and the rms, survival, and MASS packages 

(RE-LY).[33–36] Data for RE-LY was obtained from the secure research sharing platform 

Vivli.[37] Model refinement was conducted at the Thrombosis Research Institute in London, 

United Kingdom, using SAS 9.4 (SAS Institute, Cary, NC) (GARFIELD-AF).[38] External 

validation was conducted at the Thrombolysis in Myocardial Infarction (TIMI) Study Group, 

Brigham and Women’s Hospital in Boston, MA using SAS 9.4 (SAS Institute, Cary, NC) 

(COMBINE-AF), and at the University of Montreal at Montreal, Quebec, Canada using SAS 

9.4 (SAS Institute, Cary, NC) (RAMQ). [38]

RESULTS

MODEL DEVELOPMENT POPULATION

Of the 5684 individuals included in the development cohort (RE-LY), 386 (6.8%) 

experienced a major bleeding event during follow-up. Median follow-up time was 1.74 

years (range 0.01 to 3.06 years). Individuals who experienced a major bleeding event were 

on average older (75.8 years vs 71.1 years), more likely to take aspirin (64.2% vs 44.1%) 

or dual antiplatelet therapy (9.3% vs 4.4%) along with a DOAC, and more likely to have 

diabetes (83.9% vs 78.5%). Mean creatinine clearance was lower in those who experienced 

a major bleeding event (63.6 mL/min vs 73.6 mL/min). Complete characteristics of 

individuals with and without a major bleeding event are presented in Table 1.

GARFIELD-AF, the refinement cohort, consisted of N=12,296. 4847 patients were 

prescribed rivaroxaban (39.4%), 3567 apixaban (29.0%), 2435 dabigatran (19.8%), 339 

edoxaban (2.8%), and 1108 were on an unknown DOAC (9.0%). 131 (1.1%) individuals 

experienced a major bleeding outcome. Complete baseline characteristics are presented in 

Supplemental Table 9.

BLEEDING RISK PREDICTION MODEL

Stepwise selection resulted in 11 final predictors, including age, creatinine clearance/

glomerular filtration rate, body mass index, smoking history, stroke/transient ischemic 

attack/embolism history, diabetes, hypertension, antiplatelet use, and non-steroidal anti-

inflammatory use, in addition to bleeding history and liver disease which were required 

to be retained in the model.
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After model refinement was conducted in GARFIELD-AF, smoking history was excluded 

from the model for poor association with major bleeding and body mass index was 

reclassified into the binary categories of underweight and not underweight (Supplemental 

Table 2).

Final model coefficients are presented in Supplemental Table 3. The final model had 

moderate discrimination in RE-LY over the study period (C statistic: 0.75, [95% CI: 

0.72-0.75]) and at one-year (C statistic = 0.75 [95% CI: 0.73-0.77]). The model was 

well-calibrated based on visual inspection of calibration plots (Supplemental Figure 1–

2; goodness-of-fit P = 0.57). After internal validation with bootstrapping, discrimination 

remained similar (C statistic = 0.73 [95% CI: 0.70-0.75]).

CLINICAL RISK PREDICTION TOOL – THE DOAC SCORE

Points were assigned to each variable in the model proportional to the model coefficients, 

with a maximum allocation of five points per risk factor (Supplemental Table 3). Point 

values included age (2 points: 65-69 years, 3 points 70-74 years, 4 points 75-79 years, 5 

points ≥80 years), creatinine clearance/glomerular filtration rate (1 point: 30-59 mL/min, 

2 points: ≤30 mL/min), underweight (1 point), stroke/transient ischemic attack/embolism 

history (1 point), diabetes (1 point), hypertension (1 point), antiplatelet use (2 point: aspirin, 

3 points: aspirin + P2Y12 inhibitor), and non-steroidal anti-inflammatory use (1 point). Due 

to low major bleeding event counts for individuals with liver disease, and bleeding history, 

and thus high likelihood for imprecision of coefficients from the small event counts, these 

characteristics were assigned points of 2 and 3 respectively to be consistent with point 

assignments of other risk factors.[6,10,14] Individuals were assigned a maximum of 10 

points to allow for at least fifty events in each points assignment (this was done to prevent 

over-prediction in the high scoring groups as detailed in the methods) (Table 2).

Discrimination of the DOAC Score at 1-year in RE-LY was similar to the full model (C 

statistic: 0.72 [95% CI: 0.71-0.74]) and was superior to that of the HAS-BLED score (C 

statistic: 0.60 [95% CI: 0.58-0.62], P for Difference <0.001) (Figure 1A, Table 3). Each 

additional point scored by the clinical prediction tool was associated with a 48.7% (95% CI: 

38.9%-59.3%) increased risk of major bleeding (P<0.001) (Supplemental Table 4, Figure 2).

Discrimination of the DOAC Score in GARFIELD-AF for major bleeding prior to 

refinement was modest (C Statistic: 0.69 [95% CI: 0.65-0.73]) at one year, as shown in 

Supplemental Table 2. After model updating, discrimination improved (C Statistic: 0.71 

[95% CI: 0.67-0.75]) and the final DOAC Score’s performance was superior to that observed 

for the HAS-BLED score (C statistic: 0.66 [95% CI: 0.62-0.71], P for difference = 0.025) at 

one year (Figure 1B, Table 3). Major bleeding event rates in GARFIELD-AF were overall 

lower (Table 4) than those observed in RE-LY.

In secondary analyses, the DOAC Score had similar discrimination (C statistic 0.74 [95% 

CI: 0.72-0.77]) for life-threatening bleeding in the RE-LY trial at one-year, and had 

superior performance to the HAS-BLED score (C statistic: 0.61 [95% CI: 0.59-0.61], P for 

Difference <0.001) (Supplemental Table 5, Supplemental Figure 3). Each additional point 
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was associated with 55.4% (95% CI: 39.1%-73.5%) increased risk of life-threatening bleed 

(P<0.001).

In the low-dose DOAC population of RE-LY (dabigatran 110mg twice per day), the risk 

score had similar performance to the full dose group for major bleeding at one-year (C 

statistic: 0.71 (95% CI: 0.70-0.73]), and was similarly superior in prediction to the HAS-

BLED score (C statistic: 0.61 [95% CI: 0.59-0.63], P for Difference <0.001).

CLINICAL RISK GROUPS

Risk scores determined by the DOAC Score were categorized into clinical risk groups based 

on observed 1-year major bleeding rates (Supplemental Table 4). For each higher clinical 

risk group, there was an incremental increase in risk of major bleeding (HR: 2.02 [95% CI: 

1.84-2.22], P<0.001) and an increase in risk of life-threatening bleeding (HR 2.16 [95% CI: 

1.87-2.50], p<0.001) (Figure 1, Supplemental Table 3, Supplemental Table 5).

EXTERNAL VALIDATION:

25,586 participants from COMBINE-AF were included, of which 11,712 (45.8%) were 

prescribed apixaban, 6,819 (26.7%) were prescribed edoxaban, and 7,055 (27.6%) 

were prescribed (rivaroxaban). Baseline characteristics of this cohort are presented in 

Supplemental Table 10. 692 (2.7%) individuals experienced a major bleeding event. 99 

individuals experienced an intracranial bleeding event (0.4%) (Supplemental Table 12). 

The DOAC Score had superior prediction of major bleeding risk (C Statistic: 0.67 [95% 

CI: 0.64-0.69]) than the HAS-BLED score (C Statistic: 0.63 [0.61-0.65], P for Difference 

<0.001) (Figure 2A). Predictive ability of the DOAC Score for fatal bleeding is shown in 

Supplemental Table 13. Predictive ability of the DOAC Score among the different trials in 

COMBINE-AF is also demonstrated in Supplemental Table 13. Individuals in the very low 

risk group (scores 0-3) had the lowest bleeding rates (1.5% per year) compared to those in 

very high risk group (score 10) (7.7% per year).

The second validation cohort, RAMQ, consisted of 11,945 participants. 4876 participants 

were prescribed rivaroxaban (40.8%) and 7069 (59.2%) were prescribed apixaban. 258 

(2.2%) experienced a major bleeding event. 49 (0.4%) experienced an intracranial bleeding 

event. Full baseline characteristics are shown in Supplemental Table 11. The DOAC score 

had superior major bleeding risk prediction (C Statistic: 0.65 [95% CI: 0.61-0.68]) than 

the HAS-BLED score (C Statistic: 0.58 [0.55-0.62], P for Difference <0.001) (Figure 2B). 

Individuals in the very low risk group (scores 0-3) had the lowest bleeding rates (0.6% per 

year) compared to those in very high risk group (score 10) (3.7% per year).

DISCUSSION

In this study, the DOAC Score was developed, a novel bleeding risk score to stratify 

bleeding risk among patients with AF who are prescribed a DOAC. Unlike many commonly 

used bleeding prediction tools, the DOAC risk prediction score was developed exclusively 

for individuals on a variety of DOACs, the most common form of anticoagulation for 

patients with AF. The prediction tool had moderate discrimination in the development 

cohort, refinement cohort, and in two large-scale validation cohorts. The DOAC Score 
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consistently outperformed the HAS-BLED score in every cohort and was able to stratify 

patients by levels of bleeding risk across both randomized trials and observational 

populations (Figure 1–2).

The increased predictive performance of the DOAC Score is likely due to multiple factors. 

First, the risk score distinguishes differences in bleeding risk among more age groups than 

prior scores, allowing for improved estimates of personalized risk.[10] Second, the scoring 

system accounts for variation in bleeding risk among different levels of renal function, a 

strong risk factor for bleeding.[39–41] Third, many individuals with AF are on multiple 

medications associated with a high-risk for bleeding, and the DOAC Score accounts for 

the higher cumulative risk for those on multiple medications, as well as differences in risk 

conferred by different combinations of therapy. Prior risk scores often considered those on 

any combination of aspirin, dual-antiplatelet therapy, and an nonsteroidal anti-inflammatory 

agents as similar risk—though evidence strongly suggests that the risk from multiple agents 

is higher.[10,42] Fourth, the risk prediction tool assigns risk differently for each risk factor, 

in contrast to several prior risk scores which assign equivalent risk to each risk factor despite 

these risk factors having very different magnitudes of association with bleeding.[10,43]

While the decision to treat patients with AF with anticoagulation requires considering 

multiple clinical factors, the DOAC score could inform shared-decision making 

conversations for anticoagulation. By quantifying bleeding risk, physicians can better 

communicate the risks and benefits of anticoagulation, especially as non-pharmacological 

options for embolic stroke/systemic emboli prevention (left atrial appendage closures) 

become available.[44] The DOAC score could be easily implemented in clinical settings, 

as it contains has a similar number of inputs to prior bleeding risk scoring systems, and only 

includes commonly obtained clinical risk factors.[10,43] Further, electronic medical record 

implementation could further automate risk classification with the tool and provide an easier 

avenue to inform clinical decisions.

Higher bleeding rates were observed in the RELY and COMBINE-AF populations as 

compared with those in the GARFIELD-AF and RAMQ registries. These differences may 

reflect higher sensitivity in ascertaining bleeding endpoints in prospective randomized 

pivotal trials compared with observational cohorts. GARFIELD-AF also included a 

meaningful proportion of individuals who had reduced dosing of anticoagulation, [45] 

though this may reflect real-world prescribing patterns. RAMQ individuals may have had 

lower bleeding rates due to the limitations of billing code outcome ascertainment. Using 

both types of data in each phase of risk score creation (model development and external 

validation) allowed us to leverage the unique strengths of each.

This study has several limitations. First, the risk score was primarily validated for major 

bleeding outcomes, but decisions to treat patients with anticoagulation often require 

weighing the severity of different types of bleeding. The secondary validation in life-

threatening or fatal bleeding was performed to help inform prediction of the DOAC Score in 

bleeding outcomes of higher severity. We were unable to evaluate the DOAC Score’s ability 

to predict intracranial bleeding events due to low outcome rate. We do report event counts 

by DOAC risk category in COMBINE-AF, the cohort with the largest count of intracranial 
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bleeding events, to help inform this limitation (Supplemental Table 12). Second, validation 

in life-threatening or fatal bleeding was limited by low event counts, though we did 

observe that the DOAC Score had similar predictive ability for these outcomes as for major 

bleeding. Third, while the DOAC Score had superior prediction to the HAS-BLED score, 

discrimination in the validation cohorts was modest (C statistic range 0.65-0.67). Fourth, 

when comparing the HAS-BLED score, patients on DOACs were assumed not to have labile 

INRs as DOACs do not require regular dosage monitoring. Fifth, the DOAC Score was only 

compared to the HAS-BLED score and not other bleeding risk scores [10,11]. HAS-BLED 

was preferentially chosen, however, because it is the most used bleeding risk score.

In conclusion, the DOAC Score was developed, a tool for assessing personalized bleeding 

risk in patients with AF who are prescribed a DOAC. The DOAC Score had stronger 

predictive performance than HAS-BLED, and was able to predict bleeding in separate, large 

multinational cohorts—supporting generalizability of the risk score.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective:

What is new?

• The DOAC Score is a clinical bleeding risk score developed and validated to 

personalize estimates of bleeding risk for individuals with atrial fibrillation 

taking direct-acting oral anticoagulants (DOACs).

• The risk score was developed among 5684 patients in the RE-LY trial, further 

developed in 12,296 individuals in the GARFIELD-AF registry, and then 

validated among 25,586 individuals in the COMBINE-AF trials as well as 

11,945 individuals in the RAMQ administrative database.

• The DOAC Score had moderate discrimination in all cohorts and out-

performed the HAS-BLED score.

What are the clinical implications?

• The DOAC Score can stratify bleeding risk among patients with atrial 

fibrillation on DOACs.

• By predicting bleeding risk, clinicians can inform shared decision-making 

conversations when discussing anticoagulation among patients with atrial 

fibrillation.
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Figure 1. Cumulative Incidence for Bleeding Outcomes by Predicted Risk Category in The 
Development Cohorts: RE-LY and GARFIELD-AF.
Presented are the cumulative incidence curves for individuals in the development cohort 

(RE-LY trial) (1A) and the refinement cohort (GARFIELD-AF registry) (1B). Cumulative 

incidence curves were based on the risk category assigned to individuals by the DOAC 

Score. Risk-scores were 0-10, with risk categories assigned as: very low (score 0-3), low 

(score 4-5), moderate (score 6-7), high (score 8-9) and very high (score 10). Individuals 

in RE-LY were included if they were in the dabigatran 150 mg twice daily arm of the 

trial. Individuals in GARFIELD-AF were included if they were on any direct-acting oral 

anticoagulant (DOAC), irrespective of dose.

A) Cumulative Incidence for Major Bleeding by Risk Category in RE-LY

B) Cumulative Incidence for Major Bleeding by Risk Category in GARFIELD-AF
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Figure 2. Cumulative Incidence for Bleeding Outcomes by Predicted Risk Category in the 
Validation Cohorts: COMBINE-AF and RAMQ.
Presented are the Cumulative Incidence curves for individuals in the COMBINE-AF clinical 

trial cohort (2A), and RAMQ administrative database (2B). Cumulative incidence curves 

were based on the risk category assigned to individuals by the DOAC Score. Risk-scores 

were 0-10, with risk categories assigned as: very low (score 0-3), low (score 4-5), moderate 

(score 6-7), high (score 8-9) and very high (score 10). Individuals in COMBINE-AF were 

included if they were on any direct-acting oral anticoagulant (DOAC). Individuals in RAMQ 

AF were included if they were on apixaban 5mg twice per day or rivaroxaban 20mg daily.

A) Cumulative Incidence for Major Bleeding by Risk Category in COMBINE-AF

B) Cumulative Incidence for Major Bleeding by Risk Category in RAMQ
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Table 1.
Baseline Characteristics of Patients With and Without Bleeding Events in the RE-LY 
Trial (Development Cohort)

Presented are baseline characteristics of individuals in the development cohort (RE-LY). Baseline 

characteristics were stratified by individuals who experienced a major bleeding event and those who did not 

during the study period. Only individuals in the dabigatran 150 mg twice daily arm of the trial were included. 

Individuals were followed for the duration of DOAC during the trial.

Major Bleeding Outcome No
(N= 5298)

Yes
(N=386)

Mean Age, Years 71.1 75.8

Female, % 36.7% 35.5%

Race/Ethnicity

White 69.0% 73.6%

Black 0.9% 1.6%

Asian 16.8% 10.9%

Other 13.3% 14.0%

Mean CHA2DS2-VASc 3.7 4.3

Mean HAS-BLED 1.7 2.0

Creatinine Clearance, mL/min ≥60 65.3% 48.7%

30-59 34.2% 49.5%

<30 0.4% 1.8%

Obesity (Body Mass Index ≥30 kg/m2) 34.7% 38.3%

Diabetes 22.5% 32.6%

Hypertension 78.6% 83.9%

Prior Stroke, Transient Ischemic Attack, or Embolism 21.7% 26.7%

Antiplatelet Use

Aspirin 44.1% 64.2%

Dual Antiplatelet 4.4% 9.3%

Nonsteroidal Anti-Inflammatory Drug 64.4% 78.8%

Bleeding History 6.5% 7.8%

Liver Disease 1.2% 0.5%

Smoking History 50.6% 61.1%
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Table 2.
The DOAC Score

Presented is the final clinical risk prediction scoring system, termed the DOAC Score. Point assignments are 

based on patient characteristics. The prediction score was developed in the RE-LY trial among participants 

taking dabigatran 150 mg twice a day and then refined among individuals in the GARFIELD-AF registry 

among participants on all DOACs. Point assignments were based on the coefficients of these variables in a 

Cox regression model (presented in the Supplement) for the outcome of major bleeding. The maximum 

number of allocated points for an individual is 10 points to prevent overestimation of risk in the high-risk 

groups. Validation was conducted in three large cohorts in individuals on direct-acting oral anticoagulants, 

including dabigatran, edoxaban, rivaroxaban, and apixaban.

Clinical Risk Prediction Tool Points

Age, years

     65-69 2

     70-74 3

     75-79 4

     ≥80 5

Creatinine Clearance/eGFR(mL/min)

     30-60 1

     <30 2

Underweight (BMI <18.5) 1

Stroke/TIA/Embolism History 1

Diabetes 1

Hypertension 1

Antiplatelet Use

     Aspirin 2

     Dual-Antiplatelet 3

Nonsteroidal Anti-inflammatory (NSAID) Use 1

Bleeding History
3

Liver Disease
2

Total Score Range: 0-10 (Maximum 10 points)
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