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ABSTRACT
Objectives Growth differentiation factor 15 (GDF- 15) is 
a biomarker independently associated with bleeding and 
death in anticoagulated patients with atrial fibrillation 
(AF). GDF- 15 is also used as one component in the more 
precise biomarker- based ABC (age, biomarkers, clinical 
history)- AF- bleeding and ABC- AF- death risk scores. Data 
from large trials indicate a geographic variability in regard 
to overall outcomes, including bleeding and mortality risk. 
Our aim was to assess the consistency of the association 
between GDF- 15, ABC- AF- bleeding score and ABC- AF- 
death score, with major bleeding and death, across world 
geographic regions.
Methods Data were available from 14 767 patients with 
AF from the Apixaban for Reduction in Stroke and Other 
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) 
trial and 8651 patients with AF from the Randomized 
Evaluation of Long- Term Anticoagulation Therapy (RE- 
LY) trial in this cohort study. GDF- 15 was analysed 
from plasma samples obtained at randomisation. The 
geographical consistency of the associations between 
outcomes and GDF- 15, ABC- AF- bleeding score and ABC- 
AF- death scores were assessed by Cox- regression models 
including interactions with predefined geographical region.
Results GDF- 15 and the ABC- AF- bleeding score were 
associated with major bleeding in both trials across 
regions (p<0.0001). Similarly, GDF- 15 and the ABC- AF- 
death score were associated with all- cause mortality 
in both trials across regions (p<0.0001). Overall, the 
association between GDF- 15, the ABC- AF- bleeding score 
and ABC- AF- death risk score with major bleeding and 
death was consistent across regions in both ARISTOTLE 
and the RE- LY trial cohorts. The ABC- AF- bleeding and 
ABC- AF- death risk scores were consistent regarding 
discriminative ability when comparing geographic regions 
in both trial cohorts. The C- indices ranged from 0.649 to 
0.760 for the ABC- AF- bleeding and from 0.677 to 0.806 
for the ABC- AF- death score by different geographic 
regions.
Conclusions In patients with AF on anticoagulation, 
GDF- 15 and the biomarker- based ABC- AF- bleeding and 

ABC- AF- death risk scores are consistently associated with 
respectively increased risk of major bleeding and death 
and have similar prognostic value across world geographic 
regions.
Trial registration number  ClinicalTrials. gov Registry 
NCT00412984 and NCT00262600.

INTRODUCTION
In patients with atrial fibrillation (AF) an 
individual risk assessment is recommended.1 
Several biomarkers have recently been 
shown to add independent prognostic value 
regarding the risk of bleeding and death 

Key questions

What is already known about this subject?
 ► Growth differentiation factor 15 (GDF- 15) and the 
biomarker- based ABC- AF- bleeding and ABC- AF- 
death risk scores are independently associated with 
bleeding and death in anticoagulated patients with 
atrial fibrillation (AF). Their prognostic value across 
geographical regions has however not been evalu-
ated previously.

What does this study add?
 ► This study shows that GDF- 15 and the ABC- AF- 
bleeding and ABC- AF- death risk scores have similar 
prognostic value across world geographic regions.

How might this impact on clinical practice?
 ► The findings from this study add novel informa-
tion regarding the consistency of GDF- 15 and the 
ABC- AF- risk scores in AF and strengthen their role 
as a risk refinement tool applicable for a wide in-
ternational usage. Furthermore, the assessment 
of geographic variation might be helpful as part of 
a validation process when introducing a new bio-
marker or risk score intended for a wide use.
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in AF.2–5 Growth differentiation factor 15 (GDF- 15) is 
a marker of oxidative stress and inflammation and has 
been demonstrated to be strongly associated with major 
bleeding and death, but less with stroke, in patients 
with AF.6 7 These properties make GDF- 15 an attractive 
candidate in the search for markers that facilitate the 
distinction between the risk of stroke against the risk 
of bleeding. GDF- 15 has furthermore been incorpo-
rated into the two clinical risk scores in AF, the ABC- AF- 
bleeding and the ABC- AF- death scores (age, biomarkers 
and clinical history), providing improved risk assessment 
concerning these outcomes in AF and outperforming 
other risk scores in this scenario.8 9 However, recent data 
from large Non- Vitamin K Antagonist Oral Anticoagu-
lants) trials have indicated a geographic variability of 
cardiovascular outcomes, including bleeding risk and 
mortality risk, even after adjustment for clinical factors 
and biomarkers.10–14 At present, it is unknown whether 
the risks associated with GDF- 15 for major bleeding and 
death are similar across geographic regions, as well as the 
performance of the ABC- AF- bleeding and ABC- AF- death 
scores, in which GDF- 15 is incorporated. Therefore, in 
this study, we aimed to evaluate GDF- 15 and the ABC- AF- 
bleeding and ABC- AF- death scores across geographical 
regions using data from both the Apixaban for Reduction 
in Stroke and Other Thromboembolic Events in Atrial 
Fibrillation (ARISTOTLE) trial and the Randomized 
Evaluation of Long- Term Anticoagulation Therapy (RE- 
LY) trial.

METHODS
Study population and trial design
The details and outcomes of the ARISTOTLE and RE- LY 
trials have been described and published previously.15–18 
The ARISTOTLE trial randomised 18 201 patients from 
39 countries with AF and at least one additional risk factor 
for stroke or systemic embolism to either warfarin or apix-
aban. The participating countries were categorised into 
prespecified regions: Asia/Pacific, Europe, Latin America 
and North America (online supplemental figure 1). This 
biomarker substudy used data from 14 949 patients with 
plasma collected at randomisation, out of which 14 688 
had all biomarkers available, with a median follow- up of 
1.8 (IQR: 1.3, 2.3) years. In the RE- LY trial, 18 113 patients 
with AF were randomly assigned to dabigatran or warfarin. 
In total, patients from 44 countries were included in this 
trial. These countries were divided according to geographic 
regions (Asia, Europe, Latin America, North America 
and other) (online supplemental figure 1). A total of 
9369 patients had biomarker data available from samples 
collected at randomisation, out of which 8402 had all 
biomarkers available, with a median follow- up time of 2.0 
(IQR: 1.7, 2.3) years.

In both trials, all- cause mortality was a prespecified 
outcome and major bleeding was the primary safety 
outcome.15 18 Major bleeding was in both trials defined 
according to the criteria of the International Society on 

Thrombosis and Haemostasis.15 18 Blinded clinical events 
committees reviewed and centrally adjudicated these 
outcome events.

The ABC-AF-bleeding and ABC-AF-death scores
As previously described, the ABC- AF scores for prognos-
tication of outcomes were developed with the objective 
to include a minimal number of the strongest markers 
among the candidate variables: A=Age, B=Biomarkers 
and C=Clinical factors.8 9The ABC- AF- bleeding score 
therefore consists of age, the levels of haemoglobin, 
high- sensitive cardiac troponin T (cTnT- hs) and GDF- 15 
and finally previous bleeding as the only necessary clin-
ical factor. The ABC- AF- death score was developed in a 
similar way and incorporates age, the biomarkers N- ter-
minal pro B- type natriuretic peptide (NT- proBNP), 
cTnT- hs, GDF- 15 and a clinical history of heart failure.

Laboratory methods
Venous blood samples were obtained at randomisation 
from enrolled patients in both trials. The samples were 
centrifuged and plasma stored in aliquots and subsequently 
transferred to the Uppsala Clinical Research Centre (UCR) 
laboratory, Uppsala, Sweden, for storage at −70°C and 
central analyses.15 18 GDF- 15 was analysed with the Elecsys 
GDF- 15 precommercial assay kit P03 (Roche Diagnostics, 
Mannheim, Germany). The assay is reported to have an 
interassay coefficient of variation of 2.3% at 100 ng/L and 
1.8% at 17 200 ng/L; the intra- assay coefficient of variation 
was 0.8% at 1100 ng/L and 0.9% at 18 600 ng/L with a 
lower detection limit <10 ng/L. When intra- assay and inte-
rassay variabilities were combined, the coefficients of vari-
ation at our laboratory were 4.4% at 1500 ng/L and 4.5% 
at 5900 ng/L.6 The details for the analyses of the other 
biomarkers in the ABC- AF- bleeding and ABC- AF- death 
scores have previously been published, in short, cardiac 
troponin- T (cTnT- hs) and NT- proBNP levels were analysed 
with high- sensitivity immunoassays on the Cobas Analytics 
e601 (Roche Diagnostics, Mannheim, Germany).8 9 All 
analyses were done according to the instructions of the 
manufacturer.

Data collected in the ARISTOTLE and RE- LY trials 
(case report form, outcomes, laboratory samples and anal-
yses) were standardised and congruent in both individual 
trials for all participating. GDF- 15 analyses were in both 
trials analysed centrally in the UCR laboratory. Specific 
information regarding data collection and handling can 
be found in the original trial publications.15–18

Statistical analysis
To assess the consistency over geographic regions 
regarding the association between time to major bleeding 
(or time to death) and GDF- 15, a Cox- regression model 
including GDF- 15, geographic region and their interac-
tion was fitted. To assess the consistency of the ABC- AF 
scores, a corresponding model was fitted including the 
ABC- AF- bleeding (ABC- AF- death) score, here repre-
sented by the estimated 1- year risk for major bleeding 

https://dx.doi.org/10.1136/openhrt-2020-001471
https://dx.doi.org/10.1136/openhrt-2020-001471
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(death), instead of GDF- 15. In all models, GDF- 15 and 
the ABC- AF scores were log- transformed (natural loga-
rithm) and represented as restricted cubic splines with 
four knots placed at the 5th, 35th, 65th and 95th sample 
percentiles of the corresponding variable. The interac-
tion term only included the linear part of GDF- 15 or the 
ABC- AF score, respectively. Thus, the test of the hypoth-
esis of no interaction between geographic region and 
GDF- 15 (or the ABC- AF score) is the test for the regres-
sion coefficient of region×ln(GDF- 15) (or region×the 
ABC- AF score) being zero in the model.

The associations are illustrated graphically by plotting 
the estimated relative hazard, with corresponding 95% 
confidence bands. For the models including GDF- 15, 
an arbitrary reference was set at a GDF- 15 value of 1500 
ng/L for someone in Europe. For the ABC- AF scores, the 
reference point was set to an arbitrary value of 2% 1- year 
risk, also for someone in Europe. The horizontal range of 

the curves approximately represents the range of GDF- 15 
(ABC- AF score) after removal of the 10 lowest and 10 
highest values.

Harrell’s c- index was used to assess the discriminative 
ability of GDF- 15 and the ABC- AF scores, both overall 
and within regions.

All analyses were done in R, V.3.5.2,19 using the rms20 
add- on package.

RESULTS
Demographic data
In total, 14 688 patients from the biomarker cohort of the 
ARISTOTLE trial as well as 8402 patients from the RE- LY 
trial had all biomarker concentrations available at rando-
misation. The number of patients and events in each trial 
as well as baseline demographics and biomarker levels 
according to the prespecified geographic regions of both 

Table 1 Baseline characteristics of the 14 949 patients in the ARISTOTLE cohort according to study region

Asia/Pacific
N=2389

Europe
N=6027

Latin America
N=2959

North America
N=3574

Age, median (Q1–Q3) 69.0 (61.0–75.0) 69.0 (62.0–75.0) 70.0 (64.0–77.0) 72.0 (65.0–78.0)

Female 35.7% (853) 37.1% (2235) 38.0% (1125) 31.0% (1109)

BMI, median (Q1–Q3) 25.1 (22.6–28.0) [7] 29.1 (26.1–32.8) [21] 28.7 (25.4–32.6) [24] 30.2 (26.5–35.0) [19]

Systolic blood pressure, 
median (Q1–Q3)

130.0 (120.0–140.0) [8] 133.0 (123.0–143.0) [12] 130.0 (120.0–140.0) [2] 128.0 (117.0–138.0) [10]

Diabetes 24.7% (589) 22.7% (1370) 20.1% (595) 31.7% (1133)

Hypertension 81.0% (1936) 89.8% (5414) 88.8% (2629) 86.9% (3105)

Smoker 8.4% (200) [1] 9.9% (593) [9] 5.6% (166) [4] 7.2% (258) [0]

Permanent or persistent AF 89.6% (2141) [0] 80.8% (4867) [1] 91.5% (2706) [1] 83.2% (2973) [1]

Stroke/TIA 26.7% (637) 19.0% (1148) 15.3% (454) 15.8% (565)

Prior bleeding 15.8% (377) 12.1% (732) 13.2% (392) 26.1% (932)

Prior anaemia 3.8% (90) [0] 4.9% (298) [3] 3.5% (104) [6] 14.4% (514) [2]

Congestive heart failure 24.9% (596) 40.8% (2458) 33.4% (989) 16.8% (601)

Myocardial infarction 8.2% (196) [0] 15.0% (906) [0] 9.5% (280) [1] 15.2% (542) [0]

Peripheral arterial disease 2.5% (59) [0] 5.3% (317) [0] 3.7% (109) [1] 6.8% (244) [0]

CKD- EPI (mL/min/1.73 m2), 
median (Q1–Q3)

59.0 (47.2–72.8) [1] 56.5 (46.4–67.8) [7] 57.0 (45.5–70.5) [0] 52.4 (42.1–63.2) [0]

GDF- 15 (ng/L), median 
(Q1–Q3)

1476.5 (1049.8–2167.5) [29] 1263.0 (919.5–1865.0) [88] 1362.0 (973.0–2012.0) [34] 1559.0 (1074.5–2297.5) [31]

Haemoglobin (g/L), median 
(Q1–Q3)

141 (130–153) [13] 143 (133–153) [13] 144 (134–155) [26] 141 (130–150) [18]

NT- proBNP (ng/L), median 
(Q1–Q3)

725.0 (377.8–1220.2) [13] 695.0 (339.2–1244.0) [57] 751.0 (397.0–1325.0) [10] 706.0 (370.0–1217.8) [8]

hs- cTnT (ng/L), median 
(Q1–Q3)

9.8 (7.0–14.7) [12] 10.8 (7.4–16.3) [53] 11.4 (7.9–17.6) [9] 11.7 (7.9–17.6) [9]

Outcomes

  Death 152 (6%) 330 (5%) 332 (11%) 245 (7%)

  Major bleeding 130 (5%) 206 (3%) 138 (5%) 195 (5%)

  Missing GDF- 15 28 (1%) 88 (1%) 34 (1%) 31 (1%)

Number in brackets represents number of missings.
AF, atrial fibrillation; ARISTOTL, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; BMI, body mass index; 
CKD- EPI, Chronic Kidney Disease Epidemiology Collaboration equation; GDF- 15, growth differentiation factor 15; hs- cTnT, high- sensitive cardiac 
troponin T; NT- proBNP, N- terminal pro B- type natriuretic peptide; Q, quartile; TIA, transient ischaemic attack.
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trials are shown in tables 1 and 2. All participating coun-
tries in both trial cohorts are shown in online supplemental 
figure 1. The median age in the ARISTOTLE trial cohort 
was 70 (IQR: 63, 76) years and 64% were men, while in the 
RE- LY cohort, the median age was 72 (IQR: 67, 77) years 
with the same proportion of men, 64%. The largest propor-
tion of patients was from Europe in both trial cohorts, 40% 
in ARISTOTLE and 54% in RE- LY.

Association of GDF-15 with major bleeding by geographic 
region
In the ARISTOTLE biomarker cohort, GDF- 15 was associ-
ated with major bleeding across all the study geographic 
regions (p<0.0001). The risk of major bleeding differed 
among regions (p=0.02) but there was no statistically 
significant interaction between GDF- 15 and specific 
regions (p=0.80). The associations between GDF- 15 and 
major bleeding by different regions are shown in figure 1 
(top left panel).

In the RE- LY biomarker cohort, the results were 
similar, as GDF- 15 was associated with major bleeding 
(p<0.0001). The risk of bleeding varied among regions 
(p<0.0001) as was the case in the ARISTOTLE biomarker 
cohort, the interaction between GDF- 15 and specific 
regions was not statistically significant (p=0.08). The asso-
ciations between GDF- 15 and major bleeding by regions 
in the RE- LY biomarker cohort are shown in figure 1 (top 
right panel).

Association of GDF-15 with death by geographic region
GDF- 15 was associated with death in the ARISTOTLE 
biomarker cohort (p<0.0001). The risk of death differed 
among regions (p<0.0001) but the interaction between 
GDF- 15 and regions was not statistically significant 
(p=0.12). The associations between GDF- 15 with death by 
regions are shown in figure 1 (bottom left panel).

In the RE- LY biomarker cohort, the results were similar 
(figure 1, bottom right panels), with a strong association 
between GDF- 15 and death (p<0.0001). Similarly, the 
mortality risk differed between regions (p=0.005) and the 
interaction between GDF- 15 and regions was not statisti-
cally significant (p=0.84).

Geographic evaluation of the ABC-AF-bleeding risk score
In the ARISTOTLE biomarker cohort, the ABC- AF- 
bleeding score was associated with major bleeding across 
all regions (p=0.0001) without a statistically significant 
interaction between the ABC- AF- bleeding score and 
regions (p=0.91). The associations between the ABC- AF- 
bleeding score with major bleeding by regions are shown 
in figure 2 (top left panel).

In the RE- LY biomarker cohort, the results were similar 
(figure 2, top right panel), as the ABC- AF- bleeding 
risk score was associated with major bleeding across 
geographic regions (p=0.0001) without a statistically 
significant interaction between the ABC- AF- bleeding 
score and regions (p=0.11).

Comparison of the discrimination of the ABC- AF- 
bleeding risk score showed consistency across all studied 
geographic regions in both the ARISTOTLE and RE- LY 
trial cohorts (table 3).

Geographic evaluation of the ABC-AF-death risk score
In both the ARISTOTLE and RE- LY biomarker cohorts, 
the ABC- AF- death score was associated with all- cause 
mortality across all regions (p=0.0001) (figure 2, bottom 
panels). However, in both cohorts, we observed a higher 
mortality at lower ABC- AF- death scores in Latin America 
than in the other regions leading to a significant quanti-
tative interaction with region in the ARISTOTLE cohort 
(interaction—p=0.018) although not in the RE- LY cohort 
(p=0.365) (figure 2, bottom panels).

The discrimination of the ABC- AF- death risk score was 
similar among geographic regions in both trial cohorts 
(table 4).

DISCUSSION
The major findings of this study were that GDF- 15 and the 
ABC- AF- bleeding and ABC- AF- death scores were consist-
ently associated with major bleeding and mortality across 
all studied geographic regions. There was no significant 
interaction between GDF- 15 in regard to outcomes by 
regions in either trial cohort. Results were similar for the 
ABC- AF- risk scores although there seemed to be a quan-
titative interaction between ABC- AF- death score and 
region with a higher mortality at lower ABC- AF- death 
scores in Latin America than other regions. The ABC- AF- 
bleeding and ABC- AF- death risk scores were consistent 
regarding their discriminative ability when comparing 
geographic regions in both the ARISTOTLE and the 
RE- LY trial cohorts.

Among the various biomarkers and risk scores that 
have been explored in regard to AF and its complica-
tions, none have to our knowledge been systematically 
examined regarding risk across geographic regions. 
Geographic differences could affect the predictive ability 
of these biomarkers and risk scores, making them less 
reliable in certain regions. This could be attributable 
to a number of factors, including genetic variation and 
regional treatment differences. When compared with 
other regions, for example, AF patients from Asia have 
both a higher risk of ischaemic stroke and bleeding.10–13 
It is unknown how this increased risk in a specific region 
interacts with the risk associated with biomarkers and 
risk scores in AF. The assessment of geographic variation 
might therefore be helpful as part of a validation process 
when introducing a new biomarker or risk score intended 
for a wide use.

In the present study, there was a strong association 
between GDF- 15, the ABC- AF- bleeding score and ABC- AF- 
death risk score with major bleeding and death independent 
of geographic regions and countries. The slope in figures 1 
and 2 appears steeper for the ABC- AF- scores as compared 
with GDF- 15 possibly implying a better discriminatory and 

https://dx.doi.org/10.1136/openhrt-2020-001471
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risk assessment power of the ABC- AF- risk scores that most 
likely can be attributed the ABC- AF scores also including 
other predictive variables. There was a statistically signifi-
cant interaction between the ABC- AF- death score and all- 
cause mortality for geographic regions in the ARISTOTLE 
cohort. This interaction could be explained by a somewhat 
weaker association between the ABC- AF- death score and 
death in Latin America where patients had a generally 
higher mortality risk as compared with the other regions, 
especially for those having a low ABC- AF- death score. 
Although the interaction was not statistically significant, 
a similar pattern was seen in the RE- LY cohort suggesting 
a possibly weaker association between the ABC- AF- death 
score and mortality in Latin America compared with the 
other regions. However, as the discriminatory ability of 
the ABC- AF- death score was consistent across geographic 
regions, this eventual interaction is likely to be less rele-
vant from a clinical perspective. Otherwise, the variability 
between the regions concerning the association with the 
outcomes for GDF- 15 and the ABC- AF scores, that is, the 
slopes of the lines in figures 1 and 2, were almost negligible 
in comparison with the strong associations with outcomes 
within the regions.

The findings from this study therefore indicate an 
overall consistency of the performance of GDF- 15 and 
the ABC- AF- risk scores across geographic regions.

Although this is the first study to systematically explore 
geographic variation concerning risk association of GDF- 15 
and the ABC- AF- risk scores, some limitations and strengths 
may be worth mentioning. The results are based on post 
hoc analyses, and it is well known that lowering the number 
of events by creating subgroups reduces the statistical 
power to detect true differences. In order to increase the 
certainty of the results and to minimise the risk of random 
findings, we used data from two cohorts as any inconsis-
tency appearing in both trials would lower the risk of it 
being a chance finding. Even though a large number of 
patients from a variety of countries were represented in 
each region, the results of these analyses are limited to 
the participating countries. Further, the large sample size 
including two different trial cohorts with a global patient 
representation of contemporary data, using similar variable 
definitions and outcomes, are some of the major strengths 
of this study. Despite convincing documentation, the 
ABC- AF scores currently are not routinely used. Part of that 
may be due to additional time and cost to obtain biomarker 

Figure 1 Relative hazard of major bleeding (top panels) and death (bottom panels) in relation to levels of GDF- 15 among 
patients from different regions in the ARISTOTLE (left panels) and RE- LY (right panels) trials. An arbitrary reference point is set 
at a GDF- 15 value of 1500 ng/L in Europe. The p value in each panel is for a test of no interaction between region and GDF- 
15. ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; GDF- 15, growth 
differentiation factor 15; RE- LY, Randomized Evaluation of Long- Term Anticoagulation Therapy.
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levels, but another component might have been the lack 
of specific validation across geographic areas which is now 
eliminated. The findings from this study thus add novel 
information regarding the consistency of GDF- 15 and the 
ABC- AF- risk scores in AF and strengthen their role as a risk 
refinement tool applicable for a wide international usage.

CONCLUSIONS
The associations between GDF- 15 and the biomarker- 
based ABC- AF- bleeding and ABC- AF- death risk scores 
including GDF- 15 and the outcomes major bleeding 
and death, in patients with AF on anticoagulation, are 

Figure 2 Relative hazard of major bleeding (top panels) and death (bottom panels) in relation to predicted ABC- AF- bleeding 
(top) and ABC- AF- death (bottom) 1- year risks among patients from different regions in the ARISTOTLE (left panels) and RE- LY 
(right panels) trials. An arbitrary reference point is set at a predicted ABC- AF- risk value of 0.02 in Europe. The p value in each 
panel is for a test of no interaction between region and predicted ABC- AF- risk. ABC- AF bleeding score is age, biomarkers 
(troponin- hs, haemoglobin, and GDF- 15 or renal function), clinical history (previous bleeding). ARISTOTLE, Apixaban for 
Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; RE- LY, Randomized Evaluation of Long- Term 
Anticoagulation Therapy.

Table 3 C- indices with 95% CI for the ABC- AF- bleeding risk score in ARISTOTLE and RE- LY comparing geographic regions

ARISTOTLE RE- LY

C- index 95% CI C- index 95% CI

Major bleeding

  All 0.677 0.657 to 0.698 0.708 0.684 to 0.731

  Asia/Pacific 0.684 0.639 to 0.728 0.649 0.558 to 0.739

  Europe 0.680 0.641 to 0.719 0.701 0.664 to 0.739

  Latin America 0.674 0.629 to 0.719 0.657 0.561 to 0.754

  North America 0.659 0.620 to 0.699 0.710 0.672 to 0.749

  Other 0.760 0.698 to 0.822

ABC- AF bleeding score, Age, Biomarkers (troponin T- hs, haemoglobin, and GDF- 15), Clinical history (previous bleeding); ARISTOTLE, 
Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation; RE- LY, Randomized Evaluation of Long- Term 
Anticoagulation Therapy.
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consistent across geographic regions. Accordingly, the 
discriminatory abilities of the ABC- AF- bleeding and ABC- 
AF- death scores to prognosticate major bleeding and 
death are consistent and similarly clinically useful across 
global geographic regions. The assessment of geographic 
variation might be helpful as part of future validation 
processes when introducing new biomarkers or risk 
scores intended for a wide use.
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