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Summary
Background Previous studies suggested potential ethnic differences in the management and outcomes of atrial
fibrillation (AF). We aim to analyse oral anticoagulant (OAC) prescription, discontinuation, and risk of adverse
outcomes in Asian patients with AF, using data from a global prospective cohort study.

Methods From the GLORIA-AF Registry Phase II–III (November 2011–December 2014 for Phase II, and January
2014–December 2016 for Phase III), we analysed patients according to their self-reported ethnicity (Asian vs. non-
Asian), as well as according to Asian subgroups (Chinese, Japanese, Korean and other Asian). Logistic regression
was used to analyse OAC prescription, while the risk of OAC discontinuation and adverse outcomes were
analysed through Cox-regression model. Our primary outcome was the composite of all-cause death and major
adverse cardiovascular events (MACE). The original studies were registered with ClinicalTrials.gov, NCT01468701,
NCT01671007, and NCT01937377.

Findings 34,421 patients were included (70.0 ± 10.5 years, 45.1% females, 6900 (20.0%) Asian: 3829 (55.5%) Chinese,
814 (11.8%) Japanese, 1964 (28.5%) Korean and 293 (4.2%) other Asian). Most of the Asian patients were recruited in
Asia (n = 6701, 97.1%), while non-Asian patients were mainly recruited in Europe (n = 15,449, 56.1%) and North
America (n = 8378, 30.4%). Compared to non-Asian individuals, prescription of OAC and non-vitamin K
antagonist oral anticoagulant (NOAC) was lower in Asian patients (Odds Ratio [OR] and 95% Confidence Intervals
(CI): 0.23 [0.22–0.25] and 0.66 [0.61–0.71], respectively), but higher in the Japanese subgroup. Asian ethnicity was
also associated with higher risk of OAC discontinuation (Hazard Ratio [HR] and [95% CI]: 1.79 [1.67–1.92]), and
lower risk of the primary composite outcome (HR [95% CI]: 0.86 [0.76–0.96]). Among the exploratory secondary
outcomes, Asian ethnicity was associated with higher risks of thromboembolism and intracranial haemorrhage,
and lower risk of major bleeding.

*Corresponding author. Division of Cardiology, Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan.
**Corresponding author. Liverpool Centre for Cardiovascular Science, Institute of Ageing and Chronic Disease, University of Liverpool, William
Henry Duncan Building, 6 West Derby Street, Liverpool L7 8TX, United Kingdom.

E-mail addresses: tfchao@vghtpe.gov.tw (T.-F. Chao), gregory.lip@liverpool.ac.uk (G.Y.H. Lip).
oJoint first authors.
pStudy group are listed in the appendix.
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Interpretation Our results showed that Asian patients with AF showed suboptimal thromboembolic risk management
and a specific risk profile of adverse outcomes; these differences may also reflect differences in country-specific
factors. Ensuring integrated and appropriate treatment of these patients is crucial to improve their prognosis.

Funding The GLORIA-AF Registry was funded by Boehringer Ingelheim GmbH.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Atrial fibrillation; Ethnic differences; Asia; Oral anticoagulant; Outcomes

Introduction
With progressive ageing of the population, the incidence
of AF is increasing, with prevalence projected to reach
over 17 million individuals in Europe and 72 million in
Asia by 2050.1,2 Despite improvements in the treatment
of AF, the risks of adverse outcomes and healthcare
costs are still high.3–5

Importantly, regional differences in the epidemiology
and natural history of AF are increasingly reported,
including different age at onset, and predisposition to
AF-related adverse events.6 Asian countries report a
lower prevalence of AF compared to Western ones,
although the risk of thromboembolic events and intra-
cranial bleeding seems higher in Asian patients.6–9

The large-scale uptake of non-vitamin K antagonist
oral anticoagulants (NOACs) in clinical practice have
progressively led to a paradigm shift for stroke preven-
tion of patients with AF, and data from post-hoc analysis
of randomised controlled trials have shown that NOACs
may provide significant benefit (both in terms of efficacy
and safety) in Asian patients, compared to vitamin K
antagonist (VKA).7,10–12

However, there are still relatively limited epidemio-
logical data on Asian patients,8 and previous reports have
identified potential ethnic differences in the uptake of
oral anticoagulant (OAC), with potential undertreatment

of Asian patients.13 Indeed, one previous analysis from
the Phase III of the prospective Global Registry on Long-
Term Oral Anti-thrombotic Treatment in Patients with
Atrial Fibrillation (GLORIA-AF) showed regional-based
differences in OAC use among patients with AF.14

In this analysis, using data from both Phase II and
Phase III of the GLORIA-AF Registry, we compared
Asian vs. non-Asian patients with AF, in terms of OAC
prescription, risk of OAC discontinuation, and inci-
dence of major adverse events.

Methods
Study design
The design of GLORIA-AF Phase II and III registry have
been previously reported.15 In short, GLORIA-AF is an
international, multicentre prospective registry program
structured in 3 phases, aiming at assessing the long-
term effectiveness and safety of dabigatran etexilate in
real-world patients with AF. During the study period
(November 2011–December 2014 for Phase II, and
January 2014–December 2016 for Phase III), patients
with newly-diagnosed non-valvular AF and CHA2DS2-
VASc score ≥1 were consecutively enrolled in the study.
The primary results of the GLORIA-AF Phase III reg-
istry have already been published.16,17 The original

Research in context

Evidence before this study
We searched PubMed from inception to April 30, 2023,
without language restrictions, for randomised trials,
systematic reviews, meta-analyses, and observational studies,
using the terms “Atrial Fibrillation” and “Asian”. Ethnic
differences have been described in patients with Atrial
Fibrillation, with Asian individuals found more frequently
undertreated with oral anticoagulant, and with different risk
of long-term outcomes. Epidemiological data, and our
understanding of the differences between Asian and non-
Asian patients with AF, are still limited.

Added value of this study
In this large analysis including more than 34,000 patients
with AF, we found that Asian ethnicity was associated with

lower odds of oral anticoagulant prescription, higher risk of
treatment discontinuation, and an overall different prognosis
(with lower risk of the primary composite outcome of all-
cause death and major adverse cardiovascular events, but
higher risk of thromboembolism and intracerebral
haemorrhage).

Implications of all the available evidence
Asian patients with AF are often suboptimally managed for
thromboembolic risk prevention, and show a specific
prognostic risk profile. Acknowledging ethnic differences in
the natural history of AF is pivotal to ensure equal and
optimal care and to improve outcomes of AF patients.
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studies were registered with ClinicalTrials.gov,
NCT01468701, NCT01671007, and NCT01937377.

Inclusion/exclusion criteria and procedures
Full details on inclusion and exclusion criteria are re-
ported elsewhere.17 Briefly, eligible patients for the
inclusion in both Phase II and Phase III of the GLORIA-
AF registry were adult patients (≥18 years), with a recent
diagnosis of AF (<3 months, or <4.5 months only in
Latin America), and a CHA2DS2-VASc score ≥1, who
provided written informed consent. Main exclusion
criteria were: mechanical heart valve (or expected to
undergo valve replacement); having received VKA for
>60 days in the lifetime; having other clinical indication
for OAC; short life expectancy (<1 year); or AF due to a
reversible cause.

The study was conducted in accordance with the
principles of Good Clinical Practice and the Declaration
of Helsinki, and approved by local institutional review
board at participating sites. At baseline, data regarding
demographics (including self-reported ethnicity),
comorbidities, and treatment prescribed were recorded
by investigators, for each patient, in standardised elec-
tronic case report forms.

Definition of Asian ethnicity
For this analysis, we included only those patients with
available data regarding ethnicity (i.e., being Asian or
not). Ethnicity was self-reported by patients and
collected in the electronic case report form. Specifically,
patients were able to select “Asian” among the ethnic-
ities proposed (which included also American Indian/
American Native/Alaska Native, Black/African Amer-
ican, White, Native Hawaiian/Other Pacific Islander,
Arab/Middle East, African and Other), and if so, they
were also able to sub-specify whether they were Chinese,
Japanese, Korean, other Asian or South Asian. As these
two last categories accounted for <1% of total patients,
for purposes of this analysis, we grouped them together
among “other Asian”.

For all the comparisons, the reference group was the
one composed of non-Asians patients, which encom-
passed all other ethnicities (i.e., White, Black/African
American, and others).

Treatment, follow-up and major adverse outcomes
At the baseline, data on antithrombotic prescription was
collected by investigators. Details on follow-up and
outcomes for GLORIA-AF Phase II and Phase III were
reported elsewhere.17,18 Briefly, patients who received
dabigatran during Phase II were followed-up for 2 years,
while all patients enrolled during the Phase III of the
program were followed-up, irrespective of the antith-
rombotic treatment received at baseline, for 3 years.
During follow-up, data regarding OAC discontinuation
and major outcomes were recorded, until study with-
drawal, death or end of the study. In this analysis, we

evaluated non-persistence and discontinuation only for
patients who received OAC at baseline. We defined OAC
discontinuation as either switching to another antith-
rombotic regimen (including switching to a different
OAC), or interruption ≥30-days of the treatment
received at baseline. Dose changes were not considered
discontinuation. We defined non-persistence as either
discontinuation or study termination.

We also evaluated the associations between ethnicity
and the risk of major outcomes occurred during follow-
up. For this analysis, we defined our primary outcome
as the composite of all-cause death and MACEs (defined
as the occurrence of cardiovascular death, stroke, and
myocardial infarction). We also investigated the
following exploratory secondary outcomes:

- All-cause death;
- Cardiovascular death;
- Stroke (haemorrhagic, ischemic, and uncertain clas-
sification strokes);

- Thromboembolism (composite of stroke, transient
ischemic attack (TIA), and other non-central nervous
system thromboembolism),

- Major Adverse Cardiovascular Events (MACEs)
- Major bleeding (defined according to the Interna-
tional Society of Thrombosis and Haemostasis clas-
sification, i.e., overt bleeding associated with a
haemoglobin reduction of ≥20 g/L or leading to ≥2-
unit of blood transfusion, symptomatic bleeding in a
critical organ, life-threatening or fatal bleeding).

- Among major bleeding events, we evaluated the
subgroup of intracranial haemorrhages (ICH),
defined as intracranial subdural, epidural, subarach-
noid, intraventricular, intracerebral and non-
specified bleeding), and non-ICH major bleedings.

Statistical analysis
Continuous variables were reported as mean and stan-
dard deviation (SD) or median and interquartile range
[IQR] and compared with appropriate parametric and
non-parametric tests according to whether they were
normally distributed or not, respectively. Categorical
variables, reported as frequencies and percentages, were
compared using chi-square test.

The associations between Asian ethnicity and pre-
scription of OAC at baseline were analysed through
multivariable logistic regression; results were reported
as Odds Ratio (OR) and 95% Confidence Intervals (CI).
Cox-regression models were used to evaluate the asso-
ciation between Asian ethnicity and both OAC discon-
tinuation and risk of outcomes, and results were
presented as Hazard Ratio (HR) and 95% CI. For both
logistic and Cox regression models, we analysed two set
of multivariable models: in the first (main model) we
included the following covariates: age, sex, type of AF
(paroxysmal, persistent or permanent), history of previ-
ous bleeding, body mass index (BMI) and CHA2DS2-
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VASc score; in the second (model 2), we included the
same covariates of model 1, replacing CHA2DS2-VASc
with the individual comorbidities which compose the
score (history of stroke/TIA, heart failure, arterial hy-
pertension, diabetes, peripheral vascular disease, and
coronary artery disease). Additionally, for the analysis on
major outcomes, we also adjusted models for the use of
OAC. Finally, we calculated incidence rates (IR) and
95% CI according to the number of events and person-
years.19 For the primary outcome, we reported Kaplan–
Meier curves. Survival distributions were compared
using Log-Rank test.

We performed additional analyses. For all outcomes
investigated (OAC prescription and discontinuation,
risk of major outcomes), we analysed the Asian ethnicity
subgroups, as previously defined, and we also evaluated
the interaction between Asian ethnicity and the phase of
enrolment (Phase II vs. Phase III).

A two-sided p < 0.05 was considered statistically
significant. All the analyses were performed using R
4.0.3 (R Core Team 2020, Vienna, Austria).

Role of the funding source
The GLORIA-AF Registry was funded by Boehringer
Ingelheim. The authors are solely responsible for the
design and conduct of this study, all study analyses,
drafting and editing of the manuscript, and its final
content. GFR, BC and GYHL had access to dataset and
decided to submit the manuscript. All authors supported
the decision to submit the manuscript for publication.

Results
From the 36,617 patients originally enrolled in the
GLORIA-AF Phase II and III Registry, 34,421 (94.0%;
mean age 70.0 (10.5) years, 15,518 (45.1%) females)
with available data on self-reported ethnicity were
included in this analysis. Of these, 6900 (20%) were
Asian: 3829 were Chinese (55.5% of the total Asian
group), 1964 Korean (28.5%), 814 Japanese (11.8%) and
293 other Asians (4.2%). Among non-Asian patients, the
vast majority (91.3%) were White.

Baseline characteristics according to ethnicity (Asian
vs. non-Asian) and subgroups are reported in
Supplementary Table S1 and S2 in Supplementary
Materials. Asian patients were younger, less likely fe-
male, showed lower BMI values, and had an overall
lower burden of most comorbidities. Accordingly,
baseline CHA2DS2-VASc and HAS-BLED scores were
significantly lower among Asian patients.

Several differences were also observed among sub-
groups of Asian patients, with Japanese patients being
older, and Korean patients having a lower prevalence of
most comorbidities. Overall, most Asian patients were
recruited in Asia (97.1%). Among the ethnic subgroups,
those who were included in the “other Asian” subgroup
were mostly recruited outside Asia (45.7%).

Patterns of OAC prescription
Rates of antithrombotic prescription by ethnicity groups
are reported in Fig. 1. Asian patients were less likely
prescribed an OAC (57.3% vs. 86.7% in non-Asian),
including NOACs (34.7% vs. 58.2%). Consistently,
they were more likely not treated with antithrombotic
therapy, or treated with antiplatelet drugs. A significant
heterogeneity in the pattern of OAC use was observed
among Asian ethnicity subgroups, with Japanese pa-
tients more frequently treated with OACs (90.3%), spe-
cifically NOACs (85.7%), and less likely to receive VKAs,
antiplatelet drugs or no antithrombotic treatment;
Overall OAC prescription rate was lower in the other
ethnic subgroups (74.1% in other Asians, 66.8% in
Korean, and 44.0% in Chinese patients). Similar find-
ings were observed for NOAC prescription.

Results of multivariable logistic regression regarding
OAC prescription are reported in Table 1. Compared to
non-Asian patients, Asian individuals were less likely
treated with OAC (OR: 0.23, 95% CI: 0.22–0.25). Similar
results were observed (although with different magni-
tude) for Chinese, Korean, and other Asian patients.
Conversely, Japanese patients had higher odds of re-
ceiving an OAC (OR: 1.83, 95% CI: 1.41–2.42). Model
2 gave broadly consistent results.

Among those prescribed an OAC, Asian patients
were less likely treated with NOAC (OR: 0.66, 95% CI:
0.61–0.71) compared to non-Asians; similar results
were observed for Chinese (OR: 0.55, 95% CI:
0.49–0.61), Korean (OR: 0.39, 95% CI: 0.34–0.44) and
other Asian (OR: 0.58, 95% CI: 0.44–0.77) subgroups,
while Japanese patients showed a higher likelihood
of receiving NOAC compared to VKA (OR: 10.01,
95% CI: 7.04–14.81). Model 2 gave similar estimates
(Table 1).

Analysing the results according to the enrolment
phase (Phase II vs. Phase III), we found lower odds of
receiving OAC and NOAC in Asian patients enrolled in
Phase II (p for interaction < 0.001 for both). Similar
results were observed for OAC prescription in Chinese
and Korean patients, with Chinese patients recruited in
Phase III, and Korean patients recruited in Phase II less
likely to receive NOAC (p < 0.001 for both,
Supplementary Fig. S2).

OAC persistence and discontinuation
Among 27,793 patients who received OAC at baseline,
20,768 (74.7%) had complete follow-up data on OAC
discontinuation. Rates of OAC persistence and discon-
tinuation at 6, 12 and 24 months are reported in
Supplementary Fig. S3 for Asians vs. non-Asians and
Supplementary Fig. S4 for Asian subgroups, respectively.

Cox-regression models showed a higher risk of OAC
discontinuation in Asian patients (HR: 1.79, 95% CI:
1.67–1.92), specifically in Chinese (HR: 2.18, 95% CI:
2.00–2.37), Japanese (HR: 1.30, 95% CI: 1.10–1.53) and
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Korean (HR: 1.58, 95% CI: 1.39–1.80) patients (Table 2).
Regression model 2 provided similar estimates. No sta-
tistically significant interaction was observed between
phase of recruitment and risk of OAC discontinuation in
Asian patients (Supplementary Fig. S5). Among Asian
ethnicity subgroups, Chinese patients recruited during
Phase III, and Korean patients recruited during Phase II
were more likely to discontinue OAC (p for interac-
tion = 0.026 and 0.002, respectively) (Supplementary
Fig. S6).

The analysis on the risk of OAC discontinuation
according to OAC type received at baseline provided
broadly similar results (Table 2), although with differ-
ences in magnitude of association; no statistically sig-
nificant differences were observed for Japanese and
other Asians patients prescribed with VKA.

Risk of adverse outcomes
Overall, 24,383 patients (70.8%) had complete follow-up
data on the primary outcome and were included in the
survival analysis; 4526 (18.6%) were Asian. Compared to
patients included, those excluded from this analysis were
more likely Asian (p < 0.001) and of female sex
(p = 0.017). There were no statistically significant differ-
ences in terms of age and proportion of those with high
thromboembolic risk (i.e., CHA2DS2-VASc Score ≥ 2).

During a median follow-up of 36.2 [IQR: 26.3–37.5]
months, a total of 2733 (11.2%) primary composite
outcome events were observed. Kaplan–Meier curves for
the primary composite outcome according to Asian
ethnicity and subgroups are reported in Fig. 2, panels A
and B, respectively. Non-Asian patients had a higher
incidence of the primary composite outcome compared

7.3% 11.9% 27.3%53.5% 80.8%80.8%19.2%19.2%

17.4% 25.4% 22.6%34.7%

4.8% 8.6% 28.4%58.2%

57.3%57.3%

86.7%86.7%

42.7%42.7%

13.3%13.3%

23.6% 32.3% 18.5%25.5%

7.4%2.3% 4.5%85.7%

10.6% 22.6% 36.4%30.4%

9.6% 16.4% 33.4%40.6%

44.0%44.0%

90.3%90.3%

66.8%66.8%

74.1%74.1%

56.0%56.0%

9.7%9.7%

33.2%33.2%

25.9%25.9%

70% 60% 50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
100%

Overall

Non−Asian

Asian

Other Asian

Korean

Japanese

Chinese

Percentage

Antithrombotic Treatment None Antiplatelets VKA NOAC

Fig. 1: Rates of antithrombotics prescribed according to Asian ethnicity. Legend: NOAC = Non vitamin-K antagonist oral anticoagulant;
VKA = vitamin K antagonist.

Asian ethnicity

Asian (vs. non-Asian)
OR [95% CI]

Chinese (vs. non-Asian)
OR [95% CI]

Japanese (vs. non-Asian)
OR [95% CI]

Korean (vs. non-Asian)
OR [95% CI]

Other Asian (vs. non-Asian)
OR [95% CI]

OAC prescription

Model 1 0.23 [0.22–0.25] 0.14 [0.12–0.15] 1.83 [1.41–2.42] 0.37 [0.33–0.42] 0.49 [0.37–0.65]

Model 2 0.22 [0.21–0.24] 0.14 [0.13–0.15] 1.66 [1.27–2.20] 0.35 [0.31–0.39] 0.48 [0.36–0.64]

NOAC vs. VKA prescription

Model 1 0.66 [0.61–0.71] 0.55 [0.49–0.61] 10.01 [7.04–14.81] 0.39 [0.34–0.44] 0.58 [0.44–0.77]

Model 2 0.64 [0.59–0.69] 0.53 [0.48–0.59] 9.51 [6.68–14.08] 0.38 [0.34–0.43] 0.55 [0.41–0.73]

Bold text depicts statistically significant results at p < 0.05 level. Model 1 adjusted for age, sex, type of AF, history of bleeding, BMI, CHA2DS2-VASc score and Phase of Recruitment (Phase III vs. Phase II).
Model 2 adjusted for age, sex, type of AF, history of bleeding, BMI, arterial hypertension, diabetes, history of stroke/TIA, heart failure, PAD, CAD and Phase of Recruitment (Phase III vs. Phase II). CI =
confidence intervals; OAC = oral anticoagulant; OR = odds ratio; NOAC = non-vitamin K antagonist oral anticoagulant; VKA = vitamin K antagonist.

Table 1: Multivariable logistic regression on OAC prescription according to Asian ethnicity group and subgroups.
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to Asian individuals (p < 0.001); among the ethnicity
subgroups, Japanese and Korean patients showed lower
incidence of the primary outcome, while patients in the
other Asian subgroups had the highest incidence
(p < 0.001).

Multivariable Cox regression analysis showed that
Asian ethnicity was associated with a lower risk of the
primary composite outcome (HR: 0.86, 95% CI:
0.76–0.96; Table 3). Similar results were observed when
comparing Japanese and Korean subgroups with non-
Asian patients (HR: 0.53, 95% CI: 0.36–0.78 and HR:
0.42, 95% CI: 0.30–0.59), while no statistically signifi-
cant differences were observed between Chinese and

non-Asian patients (Table 3). Finally, patients in the
other Asian subgroup showed a higher hazard of the
primary composite outcome (HR: 1.47, 95% CI:
1.06–2.06). Model 2 provided similar estimates.

Exploratory secondary outcomes
Asian ethnicity group was associated with lower risk of
all-cause death (HR: 0.67, 95% CI: 0.58–0.78), major
bleeding (HR: 0.77, 95% CI: 0.61–0.98) and non-ICH
major bleeding (HR: 0.51, 95% CI: 0.37–0.71), and
with higher risk of thromboembolism (HR: 1.33, 95%
CI: 1.10–1.61), and ICH (HR: 1.54, 95% CI: 1.04–2.26)
(Table 3). Among the Asian ethnicity subgroup, Korean

Asian ethnicity

Asian
(vs. Non-Asian)
HR [95% CI]

Chinese
(vs. non-Asian)
HR [95% CI]

Japanese
(vs. non-Asian)
HR [95% CI]

Korean
(vs. non-Asian)
HR [95% CI]

Other Asian
(vs. non-Asian)
HR [95% CI]

OAC discontinuation

Model 1 1.79 [1.67–1.92] 2.18 [2.00–2.37] 1.30 [1.10–1.53] 1.58 [1.39–1.80] 1.04 [0.75–1.44]

Model 2 1.81 [1.68–1.94] 2.17 [1.99–2.37] 1.23 [1.12–1.57] 1.62 [1.42–1.84] 1.04 [0.74–1.45]

NOAC discontinuation

Model 1 1.89 [1.73–2.05] 2.61 [2.36–2.90] 1.39 [1.17–1.65] 1.48 [1.27–1.73] 0.84 [0.53–1.33]

Model 2 1.93 [1.77–2.10] 2.63 [2.37–2.92] 1.42 [1.19–1.69] 1.53 [1.31–1.79] 0.83 [0.51–1.34]

VKA discontinuation

Model 1 1.47 [1.28–1.69] 1.41 [1.21–1.65] 1.27 [0.48–3.40] 1.79 [1.42–2.27] 1.22 [0.76–1.94]

Model 2 1.44 [1.25–1.66] 1.37 [1.17–1.60] 1.22 [0.45–3.26] 1.79 [1.42–2.27] 1.21 [0.76–1.94]

Bold text depicts statistically significant results at p < 0.05 level. Model 1 adjusted for age, sex, type of AF, history of bleeding, BMI, CHA2DS2-VASc score and Phase of
Recruitment (Phase III vs. Phase II). Model 2 adjusted for age, sex, type of AF, history of bleeding, BMI, arterial hypertension, diabetes, history of stroke/TIA, heart failure,
PAD, CAD and Phase of Recruitment (Phase III vs. Phase II). CI = confidence intervals; HR = hazard ratio; OAC = oral anticoagulant; NOAC = non-vitamin K antagonist oral
anticoagulant; VKA = vitamin K antagonist.

Table 2: Multivariable Cox regression on OAC discontinuation according to Asian ethnicity.
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Fig. 2: Survival curves for the primary composite outcome of all-cause death and MACE according to Asian ethnicity. Legend: Panel A:
Asian vs. non-Asian; Panel B: Asian Ethnicity subgroups vs. non-Asian. Log-Rank p < 0.001 for both.
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and Japanese patients had the lowest risk of all-cause
and cardiovascular death, with Korean patients also
showing a lower risk of major bleeding and non-ICH
major bleeding. Patients in the other Asian subgroup
had a higher risk of MACE, thromboembolism and
major bleeding.

The results on the interaction between phase of
recruitment, Asian ethnicity and risk of adverse out-
comes are reported in Supplementary Fig. S7. No
statistically significant interactions were observed for
the outcomes investigated, for both regression models;
however, Asian patients recruited in Phase III showed
lower risk of both major bleeding (p for

interaction = 0.091) and non-ICH major bleeding (p for
interaction = 0.070).

Discussion
In this analysis, based on a global contemporary,
prospective cohort of patients with AF, we showed: 1)
patterns of OAC prescription were different between
non-Asian and Asian patients, with the latter more
frequently undertreated with OAC and NOAC; 2) sig-
nificant differences in OAC prescription between sub-
groups of Asian patients, with Japanese more likely to
receive OAC and NOAC, and the other subgroups more

Asian ethnicity

non-Asian (n = 19,857) Asian (n = 4526) Chinese (n = 2712) Japanese (n = 610) Korean (n = 1014) Other Asian (n = 190)

Primary outcome

Composite of all cause death and MACE

IR [95% CI] 4.4 [4.3–4.6] 3.5 [3.1–3.8] 4.2 [3.8–4.7] 2.1 [1.4–2.9] 1.5 [1.0–2.0] 7.5 [5.3–10.3]

Model 1, HR [95% CI] Ref. 0.86 [0.76–0.96] 1.00 [0.87–1.14] 0.53 [0.36–0.78] 0.42 [0.30–0.59] 1.47 [1.06–2.06]

Model 2, HR [95% CI] Ref. 0.84 [0.74–0.94] 0.93 [0.81–1.07] 0.56 [0.38–0.82] 0.45 [0.32–0.63] 1.65 [1.18–2.32]

Secondary outcomes

All cause death

IR [95% CI] 3.5 [3.3–3.6] 2.1 [1.8–2.3] 2.7 [2.3–3.0] 1.1 [0.6–1.7] 0.7 [0.4–1.1] 4.3 [2.7–6.5]

Model 1, HR [95% CI] Ref. 0.67 [0.58–0.78] 0.83 [0.70–0.98] 0.33 [0.19–0.56] 0.26 [0.16–0.42] 1.04 [0.68–1.61]

Model 2, HR [95% CI] Ref. 0.66 [0.56–0.76] 0.77 [0.65–0.91] 0.34 [0.20–0.59] 0.28 [0.17–0.45] 1.25 [0.81–1.93]

CV death

IR [95% CI] 1.2 [1.1–1.3] 0.9 [0.8–1.1] 1.2 [1.0–1.5] 0.3 [0.1–0.7] 0.3 [0.1–0.6] 2.0 [0.9–3.6]

Model 1, HR [95% CI] Ref. 0.91 [0.72–1.14] 1.13 [0.88–1.46] 0.38 [0.16–0.92] 0.34 [0.16–0.73] 1.36 [0.72–2.56]

Model 2, HR [95% CI] Ref. 0.88 [0.70–1.11] 1.02 [0.78–1.32] 0.40 [0.17–0.98] 0.39 [0.18–0.83] 1.81 [0.96–3.42]

MACE

IR [95% CI] 2.2 [2.1–2.4] 2.3 [2.0–2.6] 2.7 [2.4–3.1] 1.4 [0.9–2.2] 1.1 [0.7–1.5] 5.3 [3.5–7.8]

Model 1, HR [95% CI] Ref. 1.13 [0.97–1.32] 1.27 [1.06–1.51] 0.82 [0.53–1.27] 0.63 [0.43–0.93] 2.06 [1.39–3.04]

Model 2, HR [95% CI] Ref. 1.11 [0.95–1.29] 1.18 [0.98–1.41] 0.87 [0.56–1.35] 0.68 [0.46–1.00] 2.35 [1.59–3.50]

Thromboembolism

IR [95% CI] 1.2 [1.1–1.3] 1.6 [1.3–1.8] 1.8 [1.5–2.1] 1.2 [0.7–1.9] 0.8 [0.5–1.2] 3.9 [2.3–6]

Model 1, HR [95% CI] Ref. 1.33 [1.10–1.61] 1.42 [1.14–1.77] 1.16 [0.72–1.90] 0.76 [0.48–1.21] 2.79 [1.75–4.44]

Model 2, HR [95% CI] Ref. 1.32 [1.09–1.60] 1.42 [1.14–1.78] 1.18 [0.73–1.93] 0.76 [0.48–1.21] 2.45 [1.53–3.92]

Major bleeding

IR [95% CI] 1.3 [1.2–1.4] 0.8 [0.6–1.0] 0.7 [0.5–0.9] 1.3 [0.8–2] 0.5 [0.3–0.8] 2.0 [0.9–3.6]

Model 1, HR [95% CI] Ref. 0.77 [0.61–0.98] 0.68 [0.50–0.93] 1.24 [0.77–1.99] 0.54 [0.31–0.94] 1.39 [0.72–2.70]

Model 2, HR [95% CI] Ref. 0.77 [0.60–0.98] 0.65 [0.48–0.90] 1.31 [0.81–2.10] 0.56 [0.32–0.98] 1.53 [0.78–2.97]

Intracranial haemorrhage

IR [95% CI] 0.3 [0.2–0.3] 0.4 [0.3–0.5] 0.4 [0.2–0.5] 0.3 [0.1–0.7] 0.3 [0.1–0.6] 1.0 [0.3–2.3]

Model 1, HR [95% CI] Ref. 1.54 [1.04–2.26] 1.45 [0.90–2.33] 1.42 [0.57–3.52] 1.36 [0.65–2.84] 3.39 [1.37–8.41]

Model 2, HR [95% CI] Ref. 1.42 [0.96–2.10] 1.32 [0.81–2.15] 1.34 [0.54–3.32] 1.27 [0.61–2.67] 3.13 [1.25–7.84]

Non ICH major bleeding

IR [95% CI] 1.0 [1.0–1.1] 0.4 [0.3–0.6] 0.4 [0.2–0.5] 1.0 [0.6–1.6] 0.2 [0.1–0.4] 1.0 [0.3–2.3]

Model 1, HR [95% CI] Ref. 0.51 [0.37–0.71] 0.43 [0.28–0.66] 1.14 [0.66–1.99] 0.27 [0.11–0.66] 0.79 [0.30–2.13]

Model 2, HR [95% CI] Ref. 0.53 [0.38–0.73] 0.42 [0.27–0.65] 1.24 [0.71–2.17] 0.29 [0.12–0.71] 0.92 [0.34–2.47]

Bold text depicts statistically significant results at p < 0.05 level. Model 1 adjusted for age, sex, type of AF, history of bleeding, BMI, use of OAC, CHA2DS2-VASc score and Phase of Recruitment (Phase III vs.
Phase II). Model 2 adjusted for age, sex, type of AF, history of bleeding, BMI, use of OAC, arterial hypertension, diabetes, history of stroke/TIA, heart failure, PAD, CAD and Phase of Recruitment (Phase III vs.
Phase II). CI = confidence intervals; HR = hazard ratio; IR = incidence rate; Ref = reference.

Table 3: Multivariable Cox regressions on the risk of major outcomes according to Asian ethnicity.
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often undertreated; 3) the risk of OAC discontinuation
during follow-up was higher among Asian patients with
AF, with some differences observed among Asian
ethnicity subgroups; 4) Asian patients had an hetero-
geneous risk of adverse outcomes, with our results
showing associations with lower risks of the primary
composite outcome, death and major bleeding, but with
a higher risk of thromboembolic events and ICH; and 5)
risks were heterogeneously distributed among ethnically
Asian subgroups, suggesting that further differences
may be present.

The increasing uptake of NOAC has changed the
landscape of antithrombotic risk prevention worldwide.
However, geographical differences in pattern of OAC
use have already been described, in GLORIA-AF Reg-
istry and other studies, and undertreatment of Asian
patients has been reported.13,14,20 Also, Asian patients
have been described at higher risk of both thrombo-
embolism and ICH, thus underlining the high risk of
adverse outcomes, and the unmet need for better
management of these patients.11,21

In this analysis, we found that Asian patients were
overall less prescribed an OAC compared to non-Asian
individuals (which were mainly recruited in Europe
and North-America). Moreover, we found significant
heterogeneity among Asian subgroups, with Japanese
patients receiving an OAC more frequently, and with a
10-fold higher odds of receiving a NOAC over a VKA.
We found that Asian patients (including Japanese) were
more likely to discontinue OAC during follow-up, sug-
gesting that determinants of OAC underprescription
may also influence the risk of discontinuation in Asian
patients.

Several reasons can explain these findings, and dis-
entangling the effect of ethnicity to those of the region
or country of recruitment is challenging. Different
timings in market authorisation of NOACs between
countries, and different healthcare policies regarding
reimbursement and costs can explain, at least partly,
differences observed between Asian and non-Asian pa-
tients, and in Asian subgroups.22 For example, NOACs
are self-paid in China,23 and willingness to pay has been
shown to be heterogeneous according to educational
level and income of patients, thus potentially influ-
encing both OAC prescription and persistence.24 None-
theless, previous evidence has shown that Asian (as well
as Black) patients with AF were less likely than White
patients to initiate OAC, even in the same geographical
setting.25,26 Also, prescription of lower-dose NOAC is
common among Asian patients; the latter may expose
them to a higher risk of unfavorable prognosis when
dose-reduction criteria are not met.27,28 Potential reasons
for these differences could reside in different percep-
tions, among treating physicians, of the baseline
thromboembolic and haemorragic risks of different
ethnicities, as well as in imbalances in the access to
care.25 While these findings seem consistent with our

results (and with the potential ethnicity-based differ-
ences in OAC prescription), whether our findings can
be wholey attributed to the influence of ethnic or
geographical factors (or to the contribution of both) re-
mains an open question, and will require further
investigation.

Indeed, differences between Asian ethnicities (such
as Chinese and other Asian) were reported in the
GARFIELD-AF registry, showing how Chinese patients
were more likely treated with VKA.29 Of note,
geographical differences in quality of anticoagulation
have already been reported, with previous study
showing low proportion of VKA-treated Asian patients
with good time in therapeutic range.30 Finally, we
observed some imbalances in thromboembolic risk
factors between different Asian ethnicities: while Japa-
nese patients exhibited similar age and proportion of
patients with high CHA2DS2-VASc score compared to
non-Asians, other ethnicity subgroups were overall
younger, and had lower baseline thromboembolic risks.
All these factors could also have contributed to OAC
prescription and discontinuation in our study.

Taken together, all these factors can explain the
different patterns of OAC prescription and discontinu-
ation observed in Asian patients in our study. Of note,
OAC utilization has been increasing over last decade in
Asian countries, particularly driven by higher adoption
of NOACs.31–33 This is consistent with our results on the
interaction between phase of recruitment and odds of
OAC and NOAC prescription, considering that Phase
III of the GLORIA-AF registry was conducted after the
Phase II.

Our findings suggest that, while unsatisfactory OAC
treatment is still a global concern, this may represent a
concern that disproportionately affects Asian patients.
This is important given that our results also show that
Asian patients with AF may present a specific risk pro-
file in terms of major outcomes: we found a potential
association between Asian ethnicity and higher risk of
thromboembolic events and ICH, with also lower risk of
all-cause death and overall major bleeding (mostly
driven by non-ICH major bleeding).

While these results are in line with previous evi-
dence, which showed a higher risk of stroke/thrombo-
embolism and ICH in Asian patients,12,34 the association
between Asian ethnicity and lower risk of major
bleeding, and specifically non-ICH major bleedings
raises several hypotheses. First, this may reflect the
higher uptake of NOAC in the Asian populations
compared to previous studies, as the risk reduction in
major bleeding observed with NOACs was higher in
Asians compared to non-Asian patients.1,12,35 Second, the
higher risk of thromboembolism, paired with the overall
lower risk of major bleeding, may not be due only to
ethnic-specific predisposition, but also to the lower OAC
use among Asians patients, as in our cohort. Third,
despite the overall lower risk of major bleeding, Asians
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individuals were still found at higher risk of ICH,
similar to previous observations.34 This is consistent
with the hypothesis of specific ethnic-factors which may
predispose to ICH, including a potentially higher prev-
alence of cerebral microbleeds and small cerebral vessel
disease, as well as genetic polymorphisms associated to
bleeding.36 Finally, the lower risk of mortality found in
Asian patients may be due to differences in baseline
characteristics and risk factors between Asian and non-
Asian patients. Overall, also considering the exploratory
nature of these associations, these results need confir-
mation in other cohorts and clinical scenarios, and
should therefore interpreted with caution.

Taken together, our results have several clinical im-
plications. Given the unsatisfactory OAC treatment (in
terms of prescription and persistence), further efforts
should be dedicated to ensure that Asian patients with
AF receive adequate thromboembolic risk prevention.
This appears particularly important when considering
their higher risk of both thromboembolism and ICH.
Indeed, patients with AF require careful management to
improve their long-term prognosis and the ‘Atrial
fibrillation Better Care’ (ABC) pathway has been pro-
posed to streamline a holistic and integrated care
approach to the management of patients with AF,
encompassing rational choice regarding OAC, patient-
centred strategies to achieve better symptoms control,
and optimal management of comorbidities and risk
factors.37 This approach has been already proved effective
in reducing the risk of adverse outcomes,38,39 including
thromboembolism and major bleedings.40 Moreover, its
efficacy has been specifically tested and proven in Asian
settings,41 including a cluster randomised trial per-
formed in China.42 Nonetheless, adherence to the ABC
pathway has been found to be unsatisfactory,40 and given
the findings of our study, its large-scale application
should be encouraged. Indeed, the latest Asia Pacific
Heart Rhythm Society Guidelines for the management
of patients with AF recommended the implementation
of the ABC pathway in clinical practice, thus reinforcing
how these patients require an holistic and integrated
approach to improve their outcomes.43

Our study also leaves several open questions. Among
the others, whether the results observed can be attributed
clearly to ethnicity rather than other factors (geographical
or country-specific characteristics, socioeconomic status,
differences in local practice, healthcare systems, and
reimbursement policies). Interestingly, recent US-based
analyses have suggested that differences between Asian
and non-Asian patients may be mitigated when they are
treated in the same geographical setting.44,45 Further
studies are therefore needed to disentangle the effect of
ethnicity (e.g., the perceived higher risk of ICH in Asians
which may influence OAC prescription) to that of the
country and geographical region.46

Our study represents a large comparison of Asian
and non-Asian individuals, based on a contemporary,

global cohort of newly-diagnosed patients with AF and
using self-reported ethnicity. The findings are largely
consistent with previous, preliminary observations on
the topic, and contribute to expand our knowledge on
the potential ethnic differences in AF. Furthermore, we
reported on OAC prescription and discontinuation, as
well as major outcomes, thus offering us a compre-
hensive outlook on the management and natural history
of patients with AF.

Nonetheless, our study has some limitations. First,
this is a post-hoc analysis of an observational prospective
study, and therefore we may have limited power to
detect differences, especially in some Asian ethnic
subgroups (for which our results should be regarded as
hypothesis-generating). The analysis is based on self-
reported ethnicity, and a small proportion of patients
were excluded due to lack of data. Other factors may
have influenced patients’ choice regarding their self-
reported ethnicity, which we were unable to explore.
Specifically, we were only able to analyse data according
to the region of recruitment and not country, and
therefore we could not analyse country-specific differ-
ences in terms of healthcare systems and reimburse-
ment policies, and these factors may exert an important
role in determining the differences observed, especially
between Asian subethnicities. Moreover, we cannot fully
exclude the effect of unaccounted confounders in the
relationship between Asian ethnicity and outcomes
(including OAC prescription and discontinuation); spe-
cifically, it is possible that imbalance in clinical charac-
teristics, country-specific factors (most Asian patients
were recruited in Asian countries), socio-economical
factors, and timing of recruitment may have influ-
enced the results observed, which should therefore
interpreted with caution. However, we provided both
interaction analysis according to recruitment phase, and
two different covariate-adjusted models, which gave
broadly similar results. We considered switching to
another antithrombotic regimen as an OAC discontin-
uation in this analysis, consistently with previous anal-
ysis on the same registry,47 and this may have influenced
the associations observed between ethnicity and OAC
discontinuation; moreover, the imbalance in OAC
discontinuation during follow-up could have influenced
in turn the association between ethnicity and outcomes.
Further studies are clearly required to address this
issue. Finally, our results on secondary outcomes
(including thromboembolism and major bleeding
events) were not adjusted for multiple comparisons, and
therefore should be interpreted with caution.

In this large prospective global registry of patients
with AF, Asian patients were less likely prescribed
with OAC and NOAC, with some heterogeneity be-
tween different ethnic subgroups. Moreover, Asian
ethnicity was associated with OAC discontinuation,
and lower risk of the composite outcome of all-cause
death and MACE. Among exploratory secondary
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outcomes, Asian ethnicity was associated with lower
risk of major bleeding, but higher risks of thrombo-
embolic events and ICH. Improvements in the man-
agement of AF are needed to improve outcomes in
Asian patients with AF.
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