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ORIGINAL RESEARCH

Incidence and Risk Factors for Residual 
Adverse Events Despite Anticoagulation in 
Atrial Fibrillation: Results From Phase II/III of 
the GLORIA-AF Registry
Wern Yew Ding , MBChB; Deirdre A. Lane , PhD; Dhiraj Gupta , MD; Menno V. Huisman, PhD*,†;  
Gregory Y. H. Lip , MD*,†; on behalf of the GLORIA-AF Investigators‡ 

BACKGROUND: Residual risk of ischemic stroke despite anticoagulation in patients with atrial fibrillation (AF) represents a significant 
clinical issue that remains unaddressed. We aimed to evaluate the incidence and risk factors for residual adverse events in AF.

METHODS AND RESULTS: Using data from phase II/III of the prospective GLORIA-AF (Global Registry on Long-Term Oral Anti-
thrombotic Treatment in Patients With Atrial Fibrillation) registry, we studied anticoagulated patients with newly diagnosed AF 
and an increased risk of stroke (CHA2DS2-VASc ≥1). The primary outcome of interest was ischemic stroke. Secondary out-
comes were all-cause death, cardiovascular death and myocardial infarction. A total of 22 410 patients were included; median 
age 65 (interquartile range 71–78) and 10 044 (44.8%) were female. During a median follow-up period of 3.0 (interquartile range 
2.2–3.1) years, the incidence of ischemic stroke was 0.60 (95% CI, 0.54–0.67) per 100-PYs, all-cause death 3.22 (95% CI, 
3.08–3.37) per 100-PYs, cardiovascular death 1.08 (95% CI, 1.00–1.16) per 100-PYs and myocardial infarction 0.59 (95% CI, 
0.53–0.66) per 100-PYs. Using multivariable Cox proportional hazards analysis, independent predictors of residual ischemic 
stroke were age (HR 1.05 [95% CI, 1.03–1.07]), diabetes (HR 1.42 [95% CI, 1.08–1.87]), prior thromboembolism (HR 2.27 [95% 
CI, 1.73–2.98]) and use of antiarrhythmic drugs (HR 0.66 [95% CI, 0.47–0.92]). The incidence of ischemic stroke was compa-
rable among patients treated with nonvitamin K antagonist oral anticoagulants versus vitamin K antagonist; however, there 
were differences in the independent predictors between both groups.

CONCLUSIONS: Patients with AF remain at significant residual risk of developing complications including ischemic stroke de-
spite anticoagulation therapy. Further efforts among these patients should be directed at the management of modifiable risk 
factors that contribute to this risk.

REGISTRATION: URL: http://www.clini​caltr​ials.gov; Unique identifiers: NCT01468701, NCT01671007 and NCT01937377.
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residual stroke

Atrial fibrillation (AF) is linked to an excess risk 
of ischemic stroke,1 through various patho-
physiological mechanisms that contribute to 

thromboembolic complications.2 Therefore, the man-
agement of patients with AF emphasizes stroke pre-
vention with oral anticoagulation therapy in all patients 
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unless they are at low-risk.3–6 However, it is recognized 
that anticoagulation alone does not negate the risk of 
ischemic stroke but merely reduces the probability of 
this occurrence. As such, a proportion of patients with 
AF will suffer from residual ischemic stroke despite re-
ceiving adequate anticoagulation therapy.7 Attention 
to other comorbidities is therefore recommended, as 
part of the holistic approach to AF care,8 given the im-
proved outcomes evident with adherence to such an 
approach.9

Presently, the residual risk of ischemic stroke in 
patients with AF treated with anticoagulation therapy 
remains poorly defined though estimates of a broader 
complication of thromboembolism (includes stroke and 
systemic embolism) associated with warfarin use was 
1.66% per year.10 The authors reported an increased 
risk of thromboembolism with additional risk factors 
based on the simple CHADS2 score; however, it should 
be noted that the CHADS2 risk stratification schema 
which was developed to assess stroke risk in nonan-
ticoagulated patients with AF has not been validated 
for this purpose.11 Furthermore, in clinical practice, the 
management of these patients remains a significant 
challenge as there are limited studies for the basis of 
any treatment decisions. Overall, research focused on 
the clinically relevant topic of residual risk of ischemic 

stroke in AF is lacking. This is important given the in-
creasing prevalence of AF, with its associated increas-
ing health care costs.12

Herein, we aimed to evaluate the incidence and risk 
factors for residual adverse events including ischemic 
stroke in a contemporary global cohort of anticoagula-
tion patients with AF using the prospective GLORIA-AF 
(Global Registry on Long-Term Oral Anti-thrombotic 
Treatment In Patients With Atrial Fibrillation) registry.

METHODS
Study Design and Population
GLORIA-AF is a prospective, observational, global reg-
istry program of patients from 935 centers across 38 
participating countries in Asia, Europe, North America, 
Latin America, and Africa/Middle East. The study de-
sign has previously been described.13 In brief, adults 
with newly diagnosed AF (<3 months before baseline 
visit) and an increased risk of stroke (CHA2DS2-VASc 
≥1) were enrolled. This study comprised patients from 
GLORIA-AF phase II and III, enrolled between 2011 
and 2020. Eligible patients who were treated with an-
ticoagulation and had follow-up data were included. 
Main exclusion criteria were presence of mechanical 
heart valve or valvular disease requiring valve replace-
ment, previous oral anticoagulation with vitamin K oral 
antagonist over 60 days, a reversible cause of AF, indi-
cation for anticoagulation other than AF, and life expec-
tancy under 1 year. Ethics approval was obtained from 
local institutional review boards, informed consent was 
obtained from patients, and the study was performed 
in accordance with the Declaration of Helsinki. The 
data that support the findings of this study are avail-
able from the corresponding author upon reasonable 
request.

Data Collection and Definition
Data on demographics, comorbidities and therapies 
were collected at enrollment with standardized, pro-
spectively designed data collection tools. Creatinine 
clearance was calculated using the Cockcroft-Gault 
equation.14 AF classification was defined accord-
ing to the European Society of Cardiology recom-
mendations.15 Severity of AF-related symptoms was 
ascertained using the European Heart Rhythm 
Association classification.16 CHADS2, CHA2DS2-VASc 
and HAS-BLED scores were determined as previously 
described.11,17,18

Study Outcomes and Follow-Up
The primary outcome of interest was the pre-specified 
event of ischemic stroke. Secondary outcomes of in-
terest were all-cause death, cardiovascular death and 
myocardial infarction. Stroke was defined as an acute 

CLINICAL PERSPECTIVE

What Is New?
•	 The residual risk of ischemic stroke among an-

ticoagulated patients with atrial fibrillation and a 
median CHA2DS2-VASc score of 4 was 0.60 per 
100 PYs.

•	 Predictors of residual ischemic stroke were prior 
thromboembolism, age, persistent atrial fibrilla-
tion, diabetes, chronic obstructive pulmonary 
disease and nonuse of antiarrhythmic drugs.

What Are the Clinical Implications?
•	 The findings from this study emphasize the 

need for optimization of risk factors in atrial fi-
brillation beyond mere anticoagulation.

Nonstandard Abbreviations and Acronyms

GLORIA-AF	 Global Registry on Long-Term 
Oral Anti-thrombotic Treatment in 
Patients With Atrial Fibrillation

NOAC	 nonvitamin K antagonist oral 
anticoagulation

PYs	 person-years
VKA	 vitamin K antagonist
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onset of a focal neurological deficit of presumed vas-
cular origin lasting for 24 hours or more, or resulting 
in death. The categorization of ischaemic cause was 
established using computed tomography or magnetic 
resonance scanning, or autopsy. Myocardial infarction 
was defined as the development of significant Q-waves 
in at least 2 adjacent electrocardiogram leads, or at 
least 2 of the following 3 criteria: (1) typical prolonged 
severe chest pain of at least 30 minutes; (2) electro-
cardiographic changes suggestive of myocardial in-
farction including ST-changes or T wave inversion in 
the electrocardiogram; (3) elevation of troponin or cre-
atinine kinase-MB to more than upper level of normal 
or, if creatinine kinase-MB was elevated at baseline, 
re-elevation to more than 50% increase above the pre-
vious level. In phase II, follow-up for the dabigatran co-
hort was performed for 2 years, with scheduled visits 
at 3, 6, 12, and 24 months. In phase III, follow-up for 
all patients was conducted for 3 years, with scheduled 
visits at 6, 12, 24, and 36 months.

Statistical Analysis
Continuous variables were presented as median and 
interquartile range, and measured for differences with 
Kruskal-Wallis test. Categorical variables were pre-
sented as count and percentage, and measured for 
differences with chi-squared test. The incidence rates 
(number of events per 100 person-years [PYs] at risk) 
and incidence rate ratio with 95% CIs for the outcomes 
of interest were calculated using previously described 
methods.19–21 Risk factors for residual ischemic stroke 
despite anticoagulation in patients with AF were 
identified using Cox proportional hazards analyses. 
Multivariable models were used to account for poten-
tial confounders. Model 1 included covariates with a 
P<0.10 in the univariate analysis. Model 2 (primary) 
included the following covariates which have been 
reported to influence the outcome: age, sex, systolic 
blood pressure, body mass index, creatinine clear-
ance, type of AF, hypertension, hypercholesterolemia, 
diabetes, coronary artery disease, heart failure, left 
ventricular hypertrophy, prior thromboembolism, pe-
ripheral artery disease, AF ablation, antiplatelet use, 
antiarrhythmic drug therapy, angiotensin-converting 
enzyme inhibitor, angiotensin receptor blocker and sta-
tin therapy. Plots of Kaplan–Meier curves were used to 
compare the primary outcome of interest between pa-
tients who were treated with nonvitamin K antagonist 
oral anticoagulation (NOAC) and vitamin K antagonist 
(VKA), and survival distributions were tested with log-
rank test. Further subgroup analyses were performed 
to determine if risk factors differed according to anti-
coagulation agent. A 2-sided P<0.05 was considered 
statistically significant. Statistical analyses were per-
formed using RStudio (Version 1.3.1093).

RESULTS
A total of 22 410 patients with newly diagnosed AF 
were included in this study (Figure S1). The median 
age was 65 (interquartile range 71–78) and 10 044 
(44.8%) were female. Baseline characteristics of pa-
tients who suffered an ischemic stroke compared 
with those without an ischemic stroke during the 
study period are shown in Table 1. Patients who had 
an ischemic stroke were significantly older with higher 
systolic blood pressure, lower body mass index and 
creatinine clearance, more advanced forms of AF, 
and greater comorbidities including hypercholes-
terolemia, prior thromboembolism, prior stroke and 
chronic obstructive pulmonary disease. The preva-
lence of hypertension, diabetes, coronary artery dis-
ease, heart failure, left ventricular hypertrophy, prior 
bleeding and peripheral artery disease were compa-
rable between the groups.

Patients with an ischemic stroke were less likely to 
have been treated with an antiarrhythmic drug at en-
rollment and more likely to have received statin ther-
apy (Table 2). The choice of anticoagulation agent and 
use of AF ablation, angiotensin-converting enzyme 
inhibitor, angiotensin receptor blocker, beta-blocker, 
digoxin, and diuretic therapy were not statistically dif-
ferent between both groups.

Incidence of Adverse Events
During a median follow-up period of 3.0 (interquartile 
range 2.2–3.1) years, there were 361 (1.6%) ischemic 
stroke events, 1918 (8.6%) all-cause death, 648 (3.0%) 
cardiovascular death and 357 (1.6%) myocardial infarc-
tion. Despite anticoagulation therapy, the incidence 
of ischemic stroke was 0.60 (95% CI, 0.54–0.67) per 
100 PYs, all-cause death 3.22 (95% CI, 3.08–3.37) per 
100 PYs, cardiovascular death 1.08 (95% CI, 1.00–1.16) 
per 100 PYs and myocardial infarction 0.59 (95% CI, 
0.53–0.66) per 100 PYs.

In the primary prevention subgroup of patients with 
no prior history of stroke, the incidence of ischemic 
stroke was 0.49 (95% CI, 0.44–0.56) per 100 PYs while 
among the secondary prevention subgroup of pa-
tients with prior stroke, the incidence was 1.54 (95% 
CI, 1.25–1.88) per 100 PYs. The incidence rate ratio of 
ischemic stroke between the secondary versus pri-
mary prevention subgroups was 3.12 (95% CI, 2.44–
3.96) per 100 PYs.

Risk Factors for Residual Ischemic Stroke
Using univariate Cox proportional hazards analyses, risk 
factors for residual ischemic stroke among anticoagu-
lated patients were age, systolic blood pressure, body 
mass index, creatinine clearance, AF classification, hy-
percholesterolemia, diabetes, prior thromboembolism, 
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peripheral artery disease, chronic obstructive pulmo-
nary disease, nonuse of antiarrhythmic drug and use 
of statin therapy (Table 3). After adjusting for the vari-
ous confounders in Model 1, independent predictors 
of residual ischemic stroke were age, diabetes, prior 
thromboembolism, chronic obstructive pulmonary dis-
ease and nonuse of an antiarrhythmic drug. In Model 
2, the independent predictors were age, persistent AF, 
diabetes, prior thromboembolism and nonuse of an-
tiarrhythmic drug (Figure). Female sex, systolic blood 
pressure, body mass index, hypertension, hypercho-
lesterolemia, coronary artery disease, heart failure, left 
ventricular hypertrophy, peripheral artery disease, AF 
ablation, antiplatelet, angiotensin-converting enzyme 
inhibitor, angiotensin receptor blocker, digoxin and 

statin therapy were not found to be associated with 
residual ischemic stroke.

Additional and Subgroup Analysis
There were 17 574 (78.4%) patients on NOAC and 4836 
(21.6%) on VKA therapy. Baseline characteristics and med-
ication use/therapies based on the type of anticoagulation 
at enrollment are described in Tables S1 and S2, respec-
tively. The incidence of ischemic stroke was 0.59 (95% CI, 
0.53–0.67) per 100 PYs in the NOAC subgroup and 0.62 
(95% CI, 0.49–0.76) per 100 PYs in the VKA subgroup.

Using Kaplan–Meier survival analysis, there was 
no significant difference in the primary outcome of 
ischemic stroke between patients who were treated 
with NOAC versus VKA therapy (log-rank P=0.73). 

Table 1.  Baseline Characteristics

Baseline characteristics
Ischemic stroke
(n=361)

No ischemic stroke
(n=22 049) P value

Age (y), median (IQR) 76 (70–81) 71 (65–78) <0.001

Female sex, n (%) 171 (47.4) 9873 (44.8) 0.353

Heart rate (bpm), median (IQR) 77 (65–90) 76 (65–90) 0.851

sBP (mm Hg), median (IQR) 134 (121–145) 130 (120–142) 0.029

BMI (kg/m2), median (IQR) 27.1 (23.8–31.0) 27.8 (24.8–31.8) 0.003

CrCl (mL/min), median (IQR) 64.9 (48.7–87.0) 75.6 (57.4–98.5) <0.001

AF classification, n (%) 0.026

Paroxysmal 168 (46.5) 11 718 (53.1)

Persistent 142 (39.3) 7905 (35.9)

Permanent 51 (14.1) 2426 (11.0)

EHRA classification, n (%) <0.001

I 153 (44.1) 7523 (36.4)

II 94 (27.1) 7793 (37.7)

III 70 (20.2) 4117 (19.9)

IV 30 (8.7) 1214 (5.9)

Comorbidities, n (%)

Hypertension 286 (79.2) 16 833 (76.5) 0.254

Hypercholesterolemia 167 (47.4) 9023 (42.1) 0.049

Diabetes 101 (28.0) 5184 (23.5) 0.055

Coronary artery disease 73 (20.7) 3919 (18.3) 0.259

Congestive heart failure 85 (23.8) 4958 (22.7) 0.657

Left ventricular hypertrophy 72 (20.7) 4262 (20.3) 0.884

Prior thromboembolism 116 (32.1) 3230 (14.6) <0.001

Prior stroke 95 (26.3) 2295 (10.4) <0.001

Prior bleeding 21 (5.9) 1097 (5.1) 0.573

Peripheral artery disease 17 (4.7) 636 (2.9) 0.062

COPD 33 (9.1) 1352 (6.2) 0.029

CHADS2 score, median (IQR) 2 (2–3) 2 (1–3) <0.001

CHA2DS2-VASc score, median (IQR) 4 (3–5) 3 (2–4) <0.001

HAS-BLED score, median (IQR) 1 (1–2) 1 (1–2) <0.001

AF indicates atrial fibrillation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CrCl, creatinine clearance; EHRA, European Heart 
Rhythm Association; IQR, interquartile range; LVEF, left ventricular ejection fraction; MACE, major adverse cardiovascular event; and sBP, systolic blood 
pressure.
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Among NOAC-treated patients with AF, predictors 
for residual ischemic stroke were age, diabetes, prior 
thromboembolism and chronic obstructive pulmo-
nary disease (Table  S3). Meanwhile, predictors for 
residual ischemic stroke among VKA-treated patients 
with AF were age, prior thromboembolism, and use 
of antiplatelet therapy, angiotensin receptor blocker 
and digoxin (Table S4).

DISCUSSION
In this study of patients from the large, global, prospec-
tive GLORIA-AF registry with newly diagnosed AF and a 
median CHA2DS2-VASc score of 4, the incidence of is-
chemic stroke was 0.60 per 100 PYs despite anticoag-
ulation therapy with a higher incidence among patients 
who were on secondary prevention therapy. Second, 
prior thromboembolism was the greatest risk factor 
for residual ischemic stroke with a 2.3-fold increase in 
risk, while other predictors of residual ischemic stroke 
were age, persistent AF, diabetes, chronic obstructive 
pulmonary disease and nonuse of antiarrhythmic drug. 
Third, the residual risk of ischemic stroke was compa-
rable between patients treated with NOAC versus VKA 
therapy though independent predictors of events dif-
fered according to the choice of anticoagulation. The 
novelty of this study lies in the contemporary nature 
of the study cohort, inclusion of patients treated with 
NOAC therapy, and in-depth examination of various 
comorbidities and therapeutic aspects.

The incidence of residual ischemic stroke among 
anticoagulated patients with AF in this study was lower 

compared with previous landmark randomized con-
trolled trials on NOAC therapy,22–25 likely reflecting the 
patient characteristics with less comorbidities in this 
study, better contemporary management of diseases 
and the inclusion of patients with newly diagnosed AF 
who have less advanced forms of the condition and 
who may be at lower risk of adverse outcomes.26,27 
Previous observational studies in patients with AF re-
ported a higher incidence of all-cause death (6.3 per 
100 PYs), predominantly from cardiovascular causes,28 
and myocardial infarction (1.2 per 100 PYs)29 compared 
with this study. Differences in the results may be at-
tributed to the low uptake (<20%) of anticoagulation 
in both these studies, though the patients were gen-
erally younger and with less comorbidities. Notably, 
the study by Lee et al was performed using data from 
the Korean National Health Insurance Service which 
were identified using ICD-10 codes.28 Interestingly, 
our incidence of myocardial infarction closely resem-
bled that of patients without AF (0.6 per 100 PYs).29 A 
meta-analysis of 30 cohort studies with over 4 million 
patients found that the pooled event rates for all cause 
death was 1.8 per 100 PYs for the entire cohort while 
cardiovascular death was 1.0 per 100 PYs (men) and 
0.6 per 100 PYs (women), stroke was 0.3 per 100 PYs 
for the entire cohort, and coronary heart disease was 
0.6 per 100 PYs (men) and 0.3 per 100 PYs (women).30

Risk factors of residual ischemic stroke in AF re-
mains poorly defined and previous studies have sug-
gested that although there is a degree of overlap 
with traditional risk factors among nonanticoagulated 
patients with AF, there are important differences to 
consider. A retrospective cohort study of 11 848 pa-
tients with AF using health check-ups and insurance 
claims data of Japanese health insurance companies 
found that older age, hypertension, hyperlipidemia 
and greater CHA2DS2-VASc score were indepen-
dent predictors of residual thromboembolism.31 Post 
hoc analysis of the AMADEUS (Evaluating the Use of 
SR34006 Compared to Warfarin or Acenocoumarol in 
Patients With Atrial Fibrillation) randomized controlled 
trial demonstrated that permanent AF, worsening renal 
function, prior stroke and prior coronary artery disease 
were independently associated with a residual risk of 
the composite outcome of thromboembolism and car-
diovascular death.32 A meta-analysis of 6 randomized 
controlled trials comprised of 58 883 patients found 
that age ≥75 years, female sex, previous stroke or tran-
sient ischemic attack, VKA naïve status, renal failure, 
previous aspirin use, Asian race and greater CHADS2 
score contributed to a higher risk of residual stroke in 
AF.33 Another meta-analysis demonstrated that female 
sex was linked to a higher risk of thromboembolism in 
patients on VKA therapy but not NOAC.34

In this study, we found that increasing age, per-
sistent AF, diabetes, prior thromboembolism, chronic 

Table 2.  Medication Use and Therapies at Enrollment

Medication use and 
therapies

Ischemic 
stroke
(n=361)

No ischemic 
stroke
(n=22 049)

P 
value

Atrial fibrillation ablation 4 (1.1%) 398 (1.8%) 0.419

Anticoagulation agent, 
n (%)

0.190

Apixaban 83 (23.0) 4422 (20.1)

Dabigatran 119 (33.0) 8603 (39.0)

Edoxaban 7 (1.9) 325 (1.5)

Rivaroxaban 67 (18.6) 3948 (17.9)

Vitamin K antagonist 85 (23.5) 4751 (21.5)

Antiplatelet, n (%) 69 (19.1) 3855 (17.5) 0.460

Antiarrhythmic drug, n (%) 62 (17.2) 5849 (26.5) <0.001

Angiotensin-converting 
enzyme inhibitor, n (%)

119 (33.0) 7047 (32.0) 0.727

Angiotensin receptor 
blocker, n (%)

85 (23.5) 5835 (26.5) 0.235

Beta blocker, n (%) 233 (64.5) 14 201 (64.4) 1.000

Digoxin, n (%) 41 (11.4) 1895 (8.6) 0.079

Diuretic, n (%) 145 (40.2) 8780 (39.8) 0.937

Statin, n (%) 189 (52.4) 9861 (44.7) 0.005
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obstructive pulmonary disease and nonuse of antiar-
rhythmic drugs were independent predictors of resid-
ual ischemic stroke. Compared with aforementioned 
studies, we undertook a rigorous assessment to iden-
tify potential risk factors and studied the effects of ad-
ditional variables such as body mass index, chronic 
obstructive pulmonary disease, AF ablation and an-
tiarrhythmic drug therapy. In contrast to previous re-
ports,35–37 we were unable to demonstrate the benefit 
of AF ablation in terms of stroke prevention among 
anticoagulated patients. This discrepancy may be 
explained by the low number of patients (1.8%) who 

received AF ablation in our cohort as those who were 
treated with an antiarrhythmic drug at enrollment had 
a 30% to 34% reduction in the residual risk of ischemic 
stroke, thereby confirming the prognostic benefit of 
early rhythm control therapy in AF.38

The superiority of NOACs over VKA therapy in 
terms of effectiveness and safety has previously been 
demonstrated,39–42 although no statistical difference in 
the risk of ischemic stroke was observed in this study. 
Of note, patients on VKA therapy had higher CHA2DS2-
VASc score compared with those on NOAC which may 
have attenuated the findings. Interestingly, predictors of 

Table 3.  Risk Factors for Residual Risk of Ischemic Stroke in Anticoagulated Patients With AF

Risk factor

Univariate

Multivariate

Model 1* Model 2†

HR (95% CI) P value aHR (95% CI) P value aHR (95% CI) P value

Age (per y) 1.05 (1.04–1.07) <0.001 1.05 (1.03–1.06) <0.001 1.05 (1.03–1.07) <0.001

Female sex 1.10 (0.89–1.36) 0.370 0.98 (0.76–1.26) 0.873

Heart rate (per bpm) 1.00 (0.99–1.00) 0.740

Systolic blood pressure (per mm Hg) 1.01 (1.00–1.01) 0.043 1.01 (1.00–1.01) 0.095 1.01 (1.00–1.01) 0.067

BMI (per kg/m2) 0.97 (0.96–0.99) 0.006 0.99 (0.97–1.02) 0.586 0.99 (0.97–1.02) 0.525

CrCl (per mL/min) 0.99 (0.99–0.99) <0.001 1.00 (0.99–1.00) 0.663 1.00 (1.00–1.00) 0.953

AF classification

Paroxysmal Reference Reference Reference

Persistent 1.29 (1.03–1.62) 0.029 1.24 (0.96–1.60) 0.093 1.34 (1.03–1.75) 0.030

Permanent 1.54 (1.12–2.12) 0.008 1.14 (0.78–1.65) 0.503 1.28 (0.87–1.87) 0.214

Hypertension 1.21 (0.93–1.58) 0.150 1.28 (0.91–1.79) 0.158

Hypercholesterolemia 1.29 (1.05–1.60) 0.018 1.19 (0.90–1.55) 0.219 1.18 (0.89–1.57) 0.251

Diabetes 1.31 (1.04–1.66) 0.022 1.42 (1.09–1.85) 0.009 1.42 (1.08–1.87) 0.011

Coronary artery disease 1.22 (0.94–1.58) 0.140 1.03 (0.73–1.43) 0.884

Congestive heart failure 1.11 (0.87–1.42) 0.410 1.24 (0.92–1.68) 0.159

Left ventricular hypertrophy 1.02 (0.78–1.33) 0.870 1.01 (0.74–1.36) 0.967

Prior thromboembolism 2.80 (2.23–3.50) <0.001 2.32 (1.79–3.00) <0.001 2.27 (1.73–2.98) <0.001

Prior bleeding 1.23 (0.79–1.91) 0.360

Peripheral artery disease 1.79 (1.10–2.91) 0.020 1.32 (0.78–2.25) 0.299 1.15 (0.64–2.08) 0.643

COPD 1.60 (1.11–2.31) 0.011 1.53 (1.04–2.26) 0.031

AF ablation 0.45 (0.15–1.41) 0.170 0.88 (0.28–2.77) 0.823

Antiplatelet 1.08 (0.82–1.41) 0.590 0.91 (0.66–1.27) 0.593

Antiarrhythmic drug 0.55 (0.41–0.73) <0.001 0.70 (0.51–0.96) 0.025 0.66 (0.47–0.92) 0.013

ACE-i 1.03 (0.82–1.29) 0.800 0.83 (0.62–1.11) 0.201

Angiotensin receptor blocker 0.86 (0.67–1.10) 0.230 0.76 (0.56–1.05) 0.098

Beta-blocker 1.03 (0.82–1.28) 0.810

Digoxin 1.38 (0.99–1.93) 0.057 1.39 (0.95–2.02) 0.086

Diuretic 1.03 (0.83–1.27) 0.810

Statin 1.39 (1.13–1.72) 0.002 1.04 (0.79–1.37) 0.797 1.12 (0.84–1.50) 0.445

ACE-i indicates angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; aHR, adjusted hazard ratio; BMI, body mass index; COPD, chronic obstructive 
pulmonary disease; CrCl, creatinine clearance; and HR, hazard ratio.

*Adjusted for risk factors with P<0.10 on univariate analysis; includes age, systolic blood pressure, BMI, CrCl, type of AF, hypercholesterolemia, diabetes, 
prior thromboembolism, peripheral artery disease, COPD, antiarrhythmic drug therapy, digoxin, and statin therapy.

†Adjusted for age, sex, systolic blood pressure, BMI, CrCl, type of AF, hypertension, hypercholesterolemia, diabetes, coronary artery disease, heart failure, 
left ventricular hypertrophy, prior thromboembolism, peripheral artery disease, AF ablation, antiplatelet use, antiarrhythmic drug therapy, ACE-i, angiotensin 
receptor blocker and statin therapy.
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residual ischemic stroke varied according to the choice 
of anticoagulation (NOAC versus VKA) but there was 
no influence of sex, as previously reported.34 Notably, 
in patients who may suffer from residual ischemic 
stroke, NOACs have been found to be more effective 
and safer for secondary stroke prevention compared 
with warfarin.43

Limitations
The main limitations of this study are related to possi-
ble misclassification and selection biases because of its 
observational nature. We performed extensive model 
adjustment to account for possible confounders to the 
residual risk of ischemic stroke in AF. However, we are 
unable to confirm a cause-effect relationship as residual 
unmeasured confounders may exist. The current study 

does not account for possible changes in anticoagula-
tion status during follow-up. As the GLORIA-AF registry 
enrolled patients with newly diagnosed AF, the results 
presented here may not be applicable to the wider AF 
population. Furthermore, because of the low number of 
events in the VKA subgroup and potential overfitting in 
the multivariable Cox proportional hazards model, the 
results of this subgroup analysis may have occurred by 
chance. Finally, we did not explore the residual risk of 
ischemic stroke in patients with a prior history of stroke.

CONCLUSIONS
Patients with AF remain at significant risk of ischemic 
stroke despite anticoagulation therapy. Risk factors for 
residual ischemic stroke were prior thromboembolism, 

Figure.  Risk factors for residual risk of ischemic stroke among anticoagulated patients with 
atrial fibrillation.
Black dot=overall cohort; blue dot=NOAC subgroup; red dot=VKA subgroup. AF indicates atrial fibrillation; 
NOAC, nonvitamin K antagonist oral anticoagulant; pAF, paroxysmal AF; and VKA, vitamin K antagonist.
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age, persistent AF, diabetes, chronic obstructive pul-
monary disease and nonuse of antiarrhythmic drug 
therapy. This emphasizes the need to treat these risk 
factors, if modifiable, beyond antithrombotic therapy.
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Table S1. Baseline characteristics based on type of anticoagulation at enrolment 

Baseline characteristics 
NOAC 

(n=17574) 
VKA 

(n=4836) 
p value 

Age (years), median (IQR) 71 (65 - 78) 72 (65 - 78) 0.006 
Female sex, n (%) 7892 (44.9%) 2152 (44.5%) 0.625 
Heart rate (bpm), median (IQR) 76 (65 - 90) 78 (66 - 90) <0.001 
sBP (mmHg), median (IQR) 130 (120 - 143) 130 (120 - 141) <0.001 
BMI (kg/m2), median (IQR) 27.8 (24.8 - 31.9) 27.5 (24.6 - 31.5) <0.001 
CrCl (mL/min), median (IQR) 76.3 (58.3 - 99.2) 72.2 (53.4 - 95.2) <0.001 
AF classification, n (%)   <0.001 

Paroxysmal 9712 (55.3%) 2174 (45.0%)  
Persistent 6070 (34.5%) 1977 (40.9%)  
Permanent 1792 (10.2%) 685 (14.2%)  

EHRA classification, n (%)   <0.004 
I 6100 (37.8%) 1576 (32.6%)  
II 6249 (38.7%) 1638 (33.9%)  
III 2968 (18.4%) 1219 (25.2%)  
IV 841 (5.2%) 403 (8.3%)  

Comorbidities, n (%)    
Hypertension 13467 (76.8%) 3652 (75.8%) 0.139 
Hypercholesterolaemia 7335 (42.9%) 1855 (39.5%) <0.001 
Diabetes mellitus 4052 (23.1%) 1233 (25.5%) <0.001 
Coronary artery disease 3076 (17.9%) 916 (19.6%) 0.009 
Congestive heart failure 3669 (21.0%) 1374 (28.7%) <0.001 
Left ventricular hypertrophy 3281 (19.5%) 1053 (23.3%) <0.001 
Prior thromboembolism 2697 (15.3%) 649 (13.4%) 0.001 
Prior stroke 1928 (11.0%) 462 (9.6%) 0.005 
Prior bleeding 867 (5.0%) 251 (5.3%) 0.566 
Peripheral artery disease 498 (2.9%) 155 (3.2%) 0.172 
COPD 1066 (6.1%) 319 (6.7%) 0.213 

CHADS2 score, median (IQR) 2 (1 - 3) 2 (1 - 3) <0.001* 
CHA2DS2-VASc score, median (IQR) 3 (2 - 4) 3 (2 - 4) <0.001* 
HAS-BLED score, median (IQR) 1 (1 - 2) 1 (1 - 2) 0.170 
* Significantly higher in the VKA group. AF, atrial fibrillation; BMI, body mass index; 
COPD, chronic obstructive pulmonary disease; CrCl, creatinine clearance; EHRA, European 
Heart Rhythm Association; IQR, interquartile range; LVEF, left ventricular ejection fraction; 
NOAC, non-vitamin K antagonist oral anticoagulant; sBP, systolic blood pressure; VKA, 
vitamin K antagonist. 
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Table S2. Medication use and therapies based on type of anticoagulation at 
enrolment 

Medication use and therapies 
NOAC 

(n=17574) 
VKA 

(n=4836) 
p value 

AF ablation 315 (1.8%) 87 (1.8%) 1.000 
Antiplatelet, n (%) 3011 (17.1%) 913 (18.9%) 0.005 
Anti-arrhythmic drug, n (%) 4717 (26.8%) 1194 (24.7%) 0.003 
ACE-i, n (%) 5553 (31.6%) 1613 (33.4%) 0.021 
Angiotensin receptor blocker, n (%) 4679 (26.6%) 1241 (25.7%) 0.185 
Beta-blocker, n (%) 11273 (64.1%) 3161 (65.4%) 0.121 
Digoxin, n (%) 1417 (8.1%) 519 (10.7%) <0.001 
Diuretic, n (%) 6792 (38.6%) 2133 (44.1%) <0.001 
Statin, n (%) 7877 (44.8%) 2173 (44.9%) 0.903 
AF, atrial fibrillation; ACE-i, angiotensin-converting enzyme inhibitor; NOAC, non-vitamin 
K antagonist oral anticoagulant; VKA, vitamin K antagonist. 
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Table S3. Risk factors for residual risk of ischaemic stroke in NOAC-treated patients with atrial fibrillation 

Risk Factor 

Univariate 
 Multivariate 
 Model 1 * Model 2 † 

HR (95% CI) p value  aHR (95% CI) p value aHR (95% CI) p value 
Age (per year) 1.05 (1.04 - 1.07) <0.001  1.04 (1.02 - 1.06) <0.001 1.04 (1.02 - 1.06) <0.001 
Female sex 1.10 (0.89 - 1.36) 0.370    1.00 (0.75 - 1.33) 0.977 
Heart rate (per bpm) 1.00 (0.99 - 1.00) 0.740      
Systolic blood pressure (per mmHg) 1.01 (1.00 - 1.01) 0.043  1.00 (1.00 - 1.01) 0.235 1.00 (1.00 - 1.01) 0.217 
BMI (per kg/m2) 0.97 (0.96 - 0.99) 0.006  0.98 (0.96 - 1.01) 0.260 0.98 (0.96 - 1.01) 0.243 
CrCl (per mL/min) 0.99 (0.99 - 0.99) <0.001  1.00 (0.99 - 1.01) 0.853 1.00 (1.00 - 1.00) 0.940 
AF classification        

Paroxysmal reference   reference  reference  
Persistent 1.36 (1.05 - 1.76) 0.021  1.30 (0.97 - 1.74) 0.080 1.33 (0.98 - 1.80) 0.065 
Permanent 1.62 (1.11 - 2.34) 0.011  1.39 (0.92 - 2.12) 0.122 1.49 (0.97 - 2.29) 0.070 

Hypertension 1.21 (0.93 - 1.58) 0.150    1.25 (0.85 - 1.85) 0.255 
Hypercholesterolaemia 1.29 (1.05 - 1.60) 0.018  1.15 (0.84 - 1.58) 0.370 1.15 (0.83 - 1.59) 0.414 
Diabetes mellitus 1.31 (1.04 - 1.66) 0.022  1.55 (1.15 - 2.10) 0.004 1.53 (1.12 - 2.09) 0.008 
Coronary artery disease 1.22 (0.94 - 1.58) 0.140    1.01 (0.70 - 1.48) 0.941 
Congestive heart failure 1.11 (0.87 - 1.42) 0.410    1.25 (0.88 - 1.78) 0.213 
Left ventricular hypertrophy 1.02 (0.78 - 1.33) 0.870    1.09 (0.78 - 1.54) 0.609 
Prior thromboembolism 2.80 (2.23 - 3.50) <0.001  2.35 (1.75 - 3.16) <0.001 2.36 (1.73 - 3.21) <0.001 
Prior bleeding 1.23 (0.79 - 1.91) 0.360      
Peripheral artery disease 1.79 (1.10 - 2.91) 0.020  1.36 (0.75 - 2.47) 0.308 1.18 (0.61 - 2.27) 0.618 
COPD 1.60 (1.11 - 2.31) 0.011  1.79 (1.16 - 2.75) 0.008   
AF ablation 0.45 (0.15 - 1.41) 0.170    1.09 (0.34 - 3.46) 0.882 
Antiplatelet 1.08 (0.82 - 1.41) 0.590    1.17 (0.82 - 1.68) 0.389 
Anti-arrhythmic drug 0.55 (0.41 - 0.73) <0.001  0.74 (0.52 - 1.06) 0.096 0.69 (0.48 - 1.00) 0.051 
ACE-i 1.03 (0.82 - 1.29) 0.800    0.86 (0.61 - 1.20) 0.361 
Angiotensin receptor blocker 0.86 (0.67 - 1.10) 0.230    0.88 (0.62 - 1.26) 0.484 
Beta-blocker 1.03 (0.82 - 1.28) 0.810      
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Digoxin 1.38 (0.99 - 1.93) 0.057  1.19 (0.75 - 1.90) 0.465   
Diuretic 1.03 (0.83 - 1.27) 0.810      
Statin 1.39 (1.13 - 1.72) 0.002  1.08 (0.78 - 1.48) 0.655 1.12 (0.80 - 1.57) 0.504 
* Adjusted for risk factors with p < 0.10 on univariate analysis; includes age, systolic blood pressure, BMI, CrCl, type of AF, 
hypercholesterolaemia, diabetes mellitus, prior thromboembolism, peripheral artery disease, COPD, anti-arrhythmic drug therapy, digoxin and 
statin therapy. † Adjusted for age, sex, systolic blood pressure, BMI, CrCl, type of AF, hypertension, hypercholesterolaemia, diabetes mellitus, 
coronary artery disease, heart failure, left ventricular hypertrophy, prior thromboembolism, peripheral artery disease, AF ablation, antiplatelet 
use, anti-arrhythmic drug therapy, ACE-i, angiotensin receptor blocker and statin therapy. ACE-i, angiotensin-converting enzyme inhibitor; AF, 
atrial fibrillation; aHR, adjusted hazard ratio; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; 
CrCl, creatinine clearance; HR, hazard ratio. 
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Table S4. Risk factors for residual risk of ischaemic stroke in VKA-treated patients with atrial fibrillation 

Risk Factor 

Univariate 
 Multivariate 
 Model 1 * Model 2 † 

HR (95% CI) p value  aHR (95% CI) p value aHR (95% CI) p value 
Age (per year) 1.05 (1.04 - 1.07) <0.001  1.08 (1.04 - 1.12) <0.001 1.08 (1.04 - 1.12) <0.001 
Female sex 1.10 (0.89 - 1.36) 0.370    0.90 (0.55 - 1.57) 0.784 
Heart rate (per bpm) 1.00 (0.99 - 1.00) 0.740      
Systolic blood pressure (per mmHg) 1.01 (1.00 - 1.01) 0.043  1.01 (1.00 - 1.02) 0.226 1.01 (1.00 - 1.03) 0.072 
BMI (per kg/m2) 0.97 (0.96 - 0.99) 0.006  1.02 (0.97 - 1.06) 0.485 1.01 (0.97 - 1.06) 0.618 
CrCl (per mL/min) 0.99 (0.99 - 0.99) <0.001  1.00 (0.99 - 1.01) 0.692 1.00 (0.99 - 1.01) 0.769 
AF classification        

Paroxysmal reference     reference  
Persistent 1.07 (0.67 - 1.73) 0.770    1.32 (0.76 - 2.29) 0.321 
Permanent 1.32 (0.71 - 2.45) 0.386    0.78 (0.33 - 1.82) 0.558 

Hypertension 1.21 (0.93 - 1.58) 0.150    1.44 (0.72 - 2.88) 0.300 
Hypercholesterolaemia 1.29 (1.05 - 1.60) 0.018  1.26 (0.73 - 2.20) 0.409 1.27 (0.71 - 2.26) 0.428 
Diabetes mellitus 1.31 (1.04 - 1.66) 0.022  1.07 (0.61 - 1.86) 0.815 1.11 (0.62 - 1.97) 0.733 
Coronary artery disease 1.22 (0.94 - 1.58) 0.140    1.12 (0.55 - 2.30) 0.751 
Congestive heart failure 1.11 (0.86 - 1.42) 0.410    1.21 (0.66 - 2.20) 0.535 
Left ventricular hypertrophy 1.02 (0.78 - 1.33) 0.870    0.76 (0.39 - 1.43) 0.391 
Prior thromboembolism 2.80 (2.23 - 3.50) <0.001  2.33 (1.34 - 4.05) 0.003 2.16 (1.21 - 3.87) 0.010 
Prior bleeding 1.23 (0.79 - 1.91) 0.360      
Peripheral artery disease 1.79 (1.10 - 2.91) 0.020  1.37 (0.42 - 4.50) 0.602 0.98 (0.23 - 4.11) 0.980 
COPD 1.60 (1.11 - 2.31) 0.011  0.92 (0.37 - 2.33) 0.865   
AF ablation 0.45 (0.15 - 1.41) 0.170    NA 0.995 
Antiplatelet 1.08 (0.82 - 1.41) 0.590    0.28 (0.11 - 0.72) 0.008 
Anti-arrhythmic drug 0.55 (0.41 - 0.73) <0.001  0.59 (0.29 - 1.20) 0.144 0.54 (0.25 - 1.15) 0.107 
ACE-i 1.03 (0.82 - 1.29) 0.800    0.69 (0.38 - 1.25) 0.220 
Angiotensin receptor blocker 0.86 (0.67 - 1.10) 0.230    0.42 (0.20 - 0.87) 0.020 
Beta-blocker 1.03 (0.82 - 1.28) 0.810      
Digoxin 1.38 (0.99 - 1.93) 0.057  1.90 (1.01 - 3.58) 0.046   
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Diuretic 1.03 (0.83 - 1.27) 0.810      
Statin 1.39 (1.13 - 1.72) 0.002  0.96 (0.55 - 1.69) 0.895 1.16 (0.64 - 2.12) 0.621 
* Adjusted for risk factors with p < 0.10 on univariate analysis; includes age, systolic blood pressure, BMI, CrCl, type of AF, 
hypercholesterolaemia, diabetes mellitus, prior thromboembolism, peripheral artery disease, COPD, anti-arrhythmic drug therapy, digoxin and 
statin therapy. † Adjusted for age, sex, systolic blood pressure, BMI, CrCl, type of AF, hypertension, hypercholesterolaemia, diabetes mellitus, 
coronary artery disease, heart failure, left ventricular hypertrophy, prior thromboembolism, peripheral artery disease, AF ablation, antiplatelet 
use, anti-arrhythmic drug therapy, ACE-i, angiotensin receptor blocker and statin therapy. ACE-i, angiotensin-converting enzyme inhibitor; AF, 
atrial fibrillation; aHR, adjusted hazard ratio; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; 
CrCl, creatinine clearance; HR, hazard ratio; NA, not available.
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Figure S1.  Flow chart of patient selection  
 

 

* Due to study design of GLORIA-AF phase II. OAC, oral anticoagulation. 
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