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Abstract

Background: To compare the risk of stroke/systemic embolism (S/SE) and major
bleeding (MB) between non-vitamin K antagonist oral anticoagulants (NOACS) in pa-
tients with atrial fibrillation (AF), this retrospective study was conducted using the
Korean Health Insurance Review & Assessment Service (HIRA) claims database.
Methods: Patients with AF who initiated NOACs (apixaban, dabigatran, and rivar-
oxaban) from July 1, 2015 to November 30, 2016 were included. We applied inverse
probability of treatment weighting (IPTW) method using propensity score to make
weighted populations having similar characteristics between groups. Hazard ratio
(HR) of S/SE and MB were estimated by Cox proportional hazard model.

Results: Of the 39 783 patients with AF, 10 564; 11 418; and 17 801 used apixaban,
dabigatran, and rivaroxaban, respectively. The mean CHA,DS,-VASc and HAS-BLED
scores were 4.59 ~ 4.69 and 3.58 ~ 3.62, respectively, among all patients after ap-
plying IPTW. For S/SE, there were no significant differences between NOACs (HR
[95% confidence interval (Cl)]): apixaban vs dabigatran (0.99 [0.87-1.13]), apixaban vs
rivaroxaban (0.95 [0.84-1.07]), and dabigatran vs rivaroxaban (0.96 [0.85-1.08]). For
MB (HR [95% Cl]), both apixaban (0.77 [0.68-0.86]) and dabigatran (0.88 [0.79-0.98])
had a significantly lower risk compared with rivaroxaban. Apixaban also had a signifi-
cantly lower risk of MB compared with dabigatran (0.87 [0.76-0.99]).

Conclusions: In real-world practice among Korean AF patients with relatively high risk of stroke
and bleeding, there were no significant differences in the risk of S/SE between all NOAC com-

parisons. Apixaban was associated with lower risk of MB than dabigatran and rivaroxaban.
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1 | INTRODUCTION

Atrial fibrillation (AF), the most common arrhythmia, has been esti-
mated to affect 1%-2% of the general population, with a progressive
increase in thromboembolic events and death.! Due to the high risk
of stroke in addition to morbidity and mortality, proactively prevent-
ing AF-related ischemic stroke has been one of the most important
treatment objectives, and effective stroke prevention essentially re-
quires oral anticoagulant (OAC) therapy.?® Recently, there has been a
dramatic increase in the use of non-vitamin K antagonist oral antico-
agulants (NOACS) globally, largely driven by strong evidences of large
randomized clinical trials that demonstrated non-inferior or superior
reduction in stroke/systemic embolism (S/SE) as well as critical bleed-
ing events by NOACs compared with that by warfarin in patients with
AF47

NOAC was first approved in Korea in 2009 starting with rivarox-
aban, which obtained insurance coverage for non-valvular AF patients
in reducing their risk of S/SE in 2013. At that time, the reimbursement
policy of NOAC from national health insurance was strict and patients
showing 2 or more of the CHADS, score and intolerability with warfa-
rin were able to be reimbursed. Finally, in July of 2015, the insurance
coverage of NOAC has expanded and NOACs could be prescribed as
first-line therapy with reimbursement in AF patients.

Although physicians now have a choice between the available
NOACs, they have insufficient evidence to guide their decision-
making because of no head-to-head trials for these drugs. As Asian
patients with AF are known to have different traits compared with
non-Asian patients as regards higher bleeding tendency and poorer
anticoagulation quality with warfarin,® more evidence reflecting real-
world practice would be needed for optimal treatment of choice in
various clinical situations. Recently, some observational studies com-
paring NOACs have been reported® 2% however, fewer studies have
focused on Asian population, with limited information on bleeding
events, such as gastrointestinal (Gl) bleeding.*>'*

Therefore, the present study aimed to compare the risk of S/SE
and major bleeding (MB) between NOACs in Korean patients with AF,
based on the claims data in Korea's nationwide insurance database.

2 | METHODS
2.1 | Data source

We used the Korean Health Insurance Review and Assessment (HIRA)
Service database to obtain data between January 2007 and November
2016, which includes data that cover the entire population due to the
universal health insurance system in South Korea.'® The data include
patients’ baseline demographics as well as medical and pharmacy
claims and were provided after de-identification.'® Diagnoses in this
database were coded according to the Korean Standard Classification
of Diseases, which is based on the International Classification of
Diseases 10th Revision (ICD-10) code.’® The Pusan National University
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Institutional Review Board exempted this study from ethical review
(PNU IRB/2016_137_HR).

2.2 | Study population

We included OAC-naive patients with diagnosis of AF who had 21
prescription for apixaban, dabigatran, or rivaroxaban during the intake
period (from July 1, 2015 to November 30, 2016). The first prescrip-
tion date of OAC was considered as the index date. All patients were
required to be aged 218 years on the index date and have at least 2
outpatient visits or 1 hospitalization with AF diagnosis defined using
ICD-10 code 148 before or on the index date. The criteria that 2 outpa-
tient visits or 1 hospitalization with AF diagnosis (ICD-10 code 148) is
required gave good results in a previous validation study, with a posi-
tive predictive value of 94.1%.%¢

Patients were excluded if they had evidence of hip/knee replace-
ment surgery within 6 weeks before the index date; valvular AF, ve-
nous thromboembolism, thyrotoxicosis, hypertrophic cardiomyopathy,
elective defibrillation, radiofrequency ablation, left atrial appendage
occlusion, end-stage chronic kidney disease, kidney transplant, dialy-
sis, or pericarditis during the 12 months baseline period; or >1 OAC
prescription on the index date.

Patients were followed-up from the index date until the switch
date from index OAC treatment to another OAC, discontinuation date,
death, or November 30, 2016, whichever came first. Discontinuation
was defined as having no prescription of any OAC treatment within
30 days after the last day of supply of the last filled prescription.
Switching was defined as having a prescription for non-index OAC
treatment within 30 days after the last day of supply of the last filled
prescription. For example, if the last day of supply of OAC (A) was "day
X" and OAC (B) was started on "day X + 25", it would be defined as
“switched” instead of “discontinued”, because there should be no pre-
scription of any OAC within 30 days after the last day of supply of the

last filled prescription to be defined as “discontinued”.

2.3 | Study endpoints

The effectiveness outcome was S/SE, which includes ischemic stroke,
hemorrhagic stroke, and systemic embolism. The safety outcome was
MB, which includes intracranial hemorrhage (ICH), Gl bleeding, and
other bleeding. Other bleeding indicates bleeding from sites other
than intracranial or Gl (eg, eye, genitourinary system, or respiratory
passages). To identify stroke, diagnosis codes with hospitalization and
brain computed tomography/magnetic resonance imaging (CT/MRI)
records were used.'®>'” For SE events, diagnosis codes with hospi-
talization and any CT/MRI records were used. For safety outcomes,
ICH events were defined using diagnosis codes with hospitalization
and brain CT/MRI records. The rest of safety outcomes (Gl bleeding
and other bleeding) were defined using diagnosis codes with hospi-

talization. To define each outcome, we used primary and all secondary
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diagnosis codes. Further details regarding study endpoints with ICD-
10 codes are summarized in Table S1.

2.4 | Statistical analysis

We performed the inverse probability of treatment weighting
(IPTW) method using the propensity score to balance baseline
demographics and clinical characteristics. We calculated stabi-
lized weights,'® because the weights would be extremely large
for patients who received treatment contrary to prediction.'’
Propensity scores were estimated using logistic regression, which
included information on baseline demographics and clinical char-
acteristics, including age; sex; insurance type; baseline medica-
tion use; baseline comorbidities; Charlson Comorbidity Index
(CCl); CHA,DS,-VASc and HAS-BLED scores, and their compo-
nents (congestive heart failure, hypertension, age 275 vyears,
diabetes mellitus, stroke, vascular disease, age 65-74 years, fe-
male, abnormal renal and liver function, bleeding history or pre-
disposition, age 265 years, antiplatelets and NSAIDs use, and
alcoholism were included; labile international normalized ratio
was not included; instead of abnormal renal function, renal dis-
ease (CKD3/4) was used). Details of CHA,DS,-VASc and HAS-
BLED scores, baseline medication use, and CCl are presented
in Tables S2-S5. We evaluated the balance between treatment
groups using standardized differences in the weighted sample.'’
A standardized difference of <10% was considered acceptable.'’
When we found any imbalance, this variable was included in the
Cox proportional hazards model.

We used the Cox proportional hazards model to compare out-
comes between treatment groups. We assessed the proportional
hazard (PH) assumption using several methods (eg, log-log plots,
Schoenfeld's residuals, and time-dependent covariates).?° If the PH
assumption was not met, we reported hazard ratio (HR) at year 1 es-
timated using the extended Cox model, which contained the product
term of variable with a log of time.?°

Subgroup analyses were performed based on baseline character-
istics of patients, including CHA,DS,-VASc score, HAS-BLED score,
age, and sex. Two-sided P values <.05 were considered statistically
significant. We used SAS 9.4 (SAS Institute Inc) for all analyses.

2.5 | Sensitivity analysis

To assess the influence of stroke definition, we conducted sensi-
tivity analyses as follows. First, we assessed the crude event rates
by restricting the definition of ischemic stroke events that met all
the following criteria (sensitivity analysis 1): (i) inpatient claims
with ischemic stroke (ICD-10 codes 163, 1693, and G459) as the
primary diagnosis, (ii) claims at the Department of Neurology and
Neurosurgery, and (iii) claims with brain CT/MRI records. Second,

we assessed the crude event rates by restricting the ischemic and

hemorrhagic stroke events that met all the following criteria (sen-
sitivity analysis 2): (i) inpatient claims with ischemic stroke (ICD-
10 codes 163 and G459) and hemorrhagic stroke (ICD-10 codes
161and 162) as the primary diagnosis, (ii) claims at the Department
of Neurology and Neurosurgery, and (iii) claims with brain CT/MRI
records.

3 | RESULTS
3.1 | Baseline characteristics

A total of 39 783 NOAC-naive patients were identified. Of these,
10 564; 11 418; and 17 801 used apixaban, dabigatran, and ri-
varoxaban, respectively (Figure 1). Before weighting, patients
who initiated dabigatran were younger and had a lower risk score
(CHA,DS,-VASc score) and CCI than those who initiated apixa-
ban and rivaroxaban. After weighting using the IPTW method,
number of patients were 10 567.04 and 11 415.02 for apixaban
and dabigatran, respectively for apixaban-dabigatran compari-
son; 10 545.47 and 17 812.73 for apixaban and rivaroxaban, re-
spectively for apixaban-rivaroxaban comparison; 11 416.37
and 17 801.82 for dabigatran and rivaroxaban, respectively for
dabigatran-rivaroxaban comparison; and all differences in base-
line characteristics were balanced (P value >.05; absolute stand-
ardized difference <0.1; Table 1). The mean CHA,DS,-VASc and
HAS-BLED scores were 4.59 ~ 4.69 and 3.58 ~ 3.62, respectively,
among all NOAC users after applying IPTW. Before applying IPTW,
the percentage of standard dose, reduced dose, and unapproved
dose in each NOAC were 35.6%, 49.8%, and 14.6% in apixaban
group, 26.2%, 52.9%, and 20.9% in dabigatran group, and 45.7%,
42.8%, and 11.6% in rivaroxaban group, respectively. After apply-
ing IPTW, the percentage of standard dose, reduced dose, and un-
approved dose were: 37.6%, 48.7%, and 13.7% in apixaban group
and 24.8%, 53.9%, and 21.4% in dabigatran group for apixaban-
dabigatran comparison; 36.6%, 49.5%, and 13.9% in apixaban
group and 45.3%, 43.0%, and 11.8% in rivaroxaban group for
apixaban-rivaroxaban comparison; and 25.1%, 54.4%, and 20.5%
in dabigatran group and 46.5%, 42.2%, and 11.3% in rivaroxaban
group for dabigatran-rivaroxaban comparison. The median follow-
up periods of apixaban, dabigatran, and rivaroxaban groups were
148, 171, and 175 days, respectively.

3.2 | Effectiveness outcomes

The Kaplan-Meier curves for S/SE showed no significant differences
among the 3 NOAC groups (Figure 2A). The crude incidence rates for
S/SE showed no significant differences among the 3 NOAC groups
(P = .4131). The weighted event rate for S/SE ranged from 7.01 to
7.75 per 100 person-years among NOACs (Table 2).
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FIGURE 1 Cohort creation flow Patients who diagnosed with AF between July 1, 2015 to November 30, 2016

of non-vitamin K antagonist oral (n =431,537)

anticoagulants users. AF, atrial fibrillation;

HCMP, hypertrophic cardiomyopathy; Patients taking NOAGs between July 1, 2015 to November 30, 2016 (Index dafe)

ICD-10, International Classification of and who diagnosed with AF within 8.5 years prior to or on the index date*

Diseases 10,, Revision; NOAC, non- (n =100,216)

vitamin K antagonist oral anticoagulants; ST

- . xclusion if patients:

OAC, oral antlc.oagulant.s, VTE, venous - Aged <18 years old (n = 1)

thromboembolism. *Patients should have - Have medical claims

at least one inpatient or two outpatient indicating hip/knee

claims with diagnosis of ICD-10 code 148 :Seplac:meljt “;'ﬂl'r':

(atrial fibrillation and flutter) within 8.5 im‘;‘*:fd:t’;“(‘r’{:"1 2?52)

years prior to or on the index date. **Any - Have medical cia‘ims

OACs (apixaban, dabigatran, rivaroxaban, indicating valvular AF,

or warfarin) should not be prescribed one VTE, thyrotoxicosis, HCMP,

. . end-stage chronic kidney

year prior to the index date. disease, kidney transplant,
dialysis, or pericarditis
within 1 year prior to the
index date (n = 20,978)

- Have medical claims
indicating elective
defibrillation, radio
frequency ablation,
or left atrial appendage
within 1 year prior
to the index date (n = 2,859)

- Used NOACs or warfarin
within 1 year prior to the
index date** (n = 48,291)

- With multiple OACs at the
index date (n = 672)

Apixaban Dabigatran Rivaroxaban
(n = 10,564) (n=11,418) (n = 17,801)

Apixaban vs dabigatran (HR 0.99, 95% Confidence Interval [Cl]
0.87-1.13), apixaban vs rivaroxaban (HR 0.95, 95% Cl 0.84-1.07), and
dabigatran vs rivaroxaban (HR 0.96, 95% Cl 0.85-1.08) did not show
significant differences between the risk of S/SE (Figure 3).

3.3 | Safety outcomes

The Kaplan-Meier curves for major bleeding showed significant dif-
ferences among the 3 NOAC groups (Figure 2B). The crude incidence
rate for MB in patients who initiated rivaroxaban was higher than
the corresponding event rates for those who initiated apixaban and
dabigatran (P =.0008). The weighted event rate for MB ranged from
7.70 to 9.86 per 100 person-years among NOACs (Table 2).

For MB, both apixaban (HR 0.77, 95% Cl 0.68-0.86, P value
<.0001) and dabigatran (HR 0.88, 95% CI 0.79-0.98, P value .0158)
had a significantly lower risk of MB compared to rivaroxaban.
Apixaban (HR 0.87, 95% Cl 0.76-0.99, P value .0283) had a signifi-
cantly lower risk of MB than dabigatran (Figure 3). For ICH, there
were no significant differences among all comparisons (Figure 3).
For Gl bleeding, apixaban had a significantly lower risk than dabig-
atran and rivaroxaban (HR 0.75, 95% Cl 0.62-0.91, P value .0035;
and HR 0.70, 95% C10.59-0.83, P value <.0001, respectively); how-
ever, dabigatran vs rivaroxaban (HR 0.94, 95% Cl 0.80-1.09) did not

show significant differences in the risk of Gl bleeding (Figure 3).

3.4 | Subgroup analyses

In all 3 NOAC comparisons, the treatment effect did not interact
with subgroups of CHA,DS,-VASc score, HAS-BLED score, age, and
sex (Figure S1).

3.5 | Sensitivity analyses

In sensitivity analyses restricted to stroke events that achieved
stricter definition (sensitivity analyses 1 and 2), the crude event
rates were overall lower than those of the main analysis (Table S6).
There were statistical differences in event rates of hemorrhagic
stroke between NOAC groups (P < .05), whereas there was no
statistically significant difference in event rates of ischemic
stroke (Table Sé). The result showed that dabigatran had a signifi-
cantly lower event rate of hemorrhagic stroke than apixaban and

rivaroxaban.

4 | DISCUSSION

In the present study, we found that MB events were significantly dif-

ferentamong NOACs, although the risk of S/SE was similar. Apixaban
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FIGURE 2 Crude Kaplan-Meier curves (A) Stroke/systemic embolism
of stroke/systemic embolism and major 1.00 I
bleeding [Colour figure can be viewed at
wileyonlinelibrary.com]
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and dabigatran showed a significantly lower risk of MB compared
with rivaroxaban, and the risk of MB with apixaban was lower than
that with dabigatran as well. Apixaban also showed a lower risk of Gl
bleeding compared with the other 2 NOACs.

This study has strengths as direct comparison results of NOACs
are available with regards to ischemic stroke risks as well as
bleeding-related outcomes in Asians. The data source, Korea's HIRA
claims database that covers 98% of the total population, including
patients’ diagnoses, prescriptions, and procedures can, therefore,
provide general representative data under routine practice, with
broader clinical situations than clinical trial settings.15 Furthermore,
we have carefully adjusted the confounders using IPTW to minimize

potential confounding. IPTW has the advantage of being able to

T T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4

Time (fears)

apixaban dabigatran rivaroxaban
7167 6264 3664 2498 1613 934 110
az00 61495 4500 3344 22480 1367 62
12824 arzo 7185 221 3483 1ara 149

retain all data and reduce more bias compared with the methods of
stratification and covariate adjustment using propensity scores.?!
Reliable data are available as regards direct comparison be-
tween NOACs in real clinical practice, and overall results indicated
similar trends with this study.!®?22> Graham et al reported that
rivaroxaban was associated with increased risks of major extra-
cranial bleeding compared to dabigatran (HR 1.32, 95% Cl 1.21-
1.45) or apixaban (HR 2.70, 95% Cl 2.38-3.05), whereas similar
thromboembolic stroke risk has been reported for the 3 NOACs
based on the United States (US) Medicare data.?? In this study,
most of the major extracranial bleeding was Gl bleeding. There
was no significant difference in Gl bleeding when dabigatran was

compared with rivaroxaban; however, apixaban had a significantly
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TABLE 2 Number of events and event rates for treatment groups

Inverse probability of treatment weighting

After

Before

Apixaban Dabigatran Apixaban Rivaroxaban Dabigatran Rivaroxaban

17 801)

Rivaroxaban (N

11 418)

Dabigatran (N

10 564)

Apixaban (N

Adjusted IR*?

Crude IR? Events Crude IR? Events Crude IR?

Events

7.31
9.36
1.41
4.25

7.01
8.18
1.08
3.97

7.48
9.86
1.43
4.59

7.35
7.77
1.35
3.28

7.47
8.65
1.12
4.18

7.75
7.70
1.39
3.23

7.07
9.44
1.39
4.33

700
927
140
432

7.14
7.81
1.06
3.68

451
491
68

8.00
8.25
1.43
3.55

419
432
76

S/SE

MB

ICH

234

188

Glb

HAN ET AL

Abbreviations: Glb, gastrointestinal bleeding; ICH, intracranial hemorrhage; IR, incidence rate; MB, major bleeding; S/SE, stroke/systemic embolism.

#“Incidence rate” means number of patients with event divided by 100 person-years.

Obtained using inverse probability of treatment weights.

lower risk of Gl bleeding compared with both dabigatran and rivar-
oxaban. The lower bleeding tendency in apixaban users was also
observed in a study recently conducted in Korea.?® Prior to this,
Hernandez et al also mentioned about lower bleeding risk of apix-
aban (HR 0.69, 95% Cl 0.60-0.79) and dabigatran (HR 0.79, 95%
Cl 0.69-0.92) in comparison to rivaroxaban, through claims from
the Medicare beneficiaries samples‘10 Another US claims database
cohorts based research by Noseworthy et al also found a lower
risk of MB with apixaban compared to rivaroxaban (HR 0.39, 95%
Cl 0.28-0.54) or dabigatran (HR 0.50, 95% Cl 0.36-0.70), with-

E.%* A recent Scotland

out significant difference in the risk of S/S
study by Mueller et al showed that the risk of MB was higher in
the rivaroxaban group compared with the apixaban (HR 1.50, 95%
Cl 1.10-2.03) and dabigatran (HR 1.58, 95% Cl 1.01-2.48) group.
Especially, the risks of Gl bleeding and overall bleeding in the ri-
varoxaban group were higher than those in apixaban group.?®
Meanwhile, little evidence is available comparing NOACs in
Asians. Therefore, Asian-specific, real-world evidence is crucial in
the context of known ethnic differences in clinical factors and rel-
evant outcomes in patients with AF, for example, higher bleeding
tendency, lower time in therapeutic range, and higher rate of S/
SE during warfarin management.® Chan et al reported the result of
comparison analyses between 4 NOACs and warfarin using Taiwan's
National Health Insurance Research Database and the results were
similar to that in the current study. Although the primary compari-
son was between NOAC and warfarin, according to the direct com-
parison between NOACs, rivaroxaban (HR 1.61, 95% Cl 1.07-2.43),
and dabigatran (HR 1.64, 95% ClI 1.09-2.48) had a higher risk of MB
than apixaban.?® Although Chan et al published the comparison
results between rivaroxaban and dabigatran through a Taiwan co-
hort study earlier, which obtained similar outcomes between the 2
agents except a higher risk for hospitalization for Gl bleeding in the
rivaroxaban group,* it did not include the apixaban group. Although
several real-world data via Korean national claims database have

d,32730 almost all included comparisons between

been reporte
NOACs and warfarin; therefore, only indirect interpretations were
possible when it came to drawing a comparison between each of the
NOACsS. Lee et al very recently conducted direct comparison be-
tween 4 NOACs, and the result was generally comparable with that
of our study in terms of major and Gl bleeding; however, different
results were observed for the comparison between stroke and ICH.
Apixaban showed lower ischemic stroke than others, whereas dab-
igatran was associated with lower ICH events than other NOACs.?®
The differences in the study period and ICH codes for the oper-
ational definitions may be considerable factors when it comes to
interpreting these discrepancies®®; however, further research with
longer follow-up durations will be helpful.

Our study cohort from the national representative data
showed a high risk of stroke and bleeding in relation to CHA,DS,-
VASc score and HAS-BLED score. The time-period of HIRA data
used for this study was relatively short since NOAC was launched
in Korea. As such, the reimbursement policy of NOAC from na-

tional health insurance was strict and only patients showing 2
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Hazard ratio
(95% CI)'

Apixaban vs Dabigatran (ref)
Stroke/systemic embolism

0.99 (0.87-1.13)
0.87 (0.76-0.99)

1.20 (0.87-1.67)
0.75 (0.62-0.91)

0.95 (0.84-1.07)
0.77 (0.68-0.86)
0.92 (0.69-1.22)
0.70 (0.59-0.83)

0.96 (0.85-1.08)
0.88 (0.79-0.98)
0.77 (0.58-1.03)
0.94 (0.80-1.09)

Major bleeding ——

Intracranial hemorrhage

Gastrointestinal bleeding ——
Apixaban vs Rivaroxaban(ref)

Stroke/systemic embolism ——

Major bleeding ——

Intracranial hemorrhage —O—

Gastrointestinal bleeding —0—
Dabigatran vs Rivaroxaban(ref)

Stroke/systemic embolism ——

Major bleeding ——

Intracranial hemorrhage ——1

Gastrointestinal bleeding ——

0 0.5 1

Comparator better

1.5 2 2.5
Reference better

FIGURE 3 Hazard ratios for stroke/systemic embolism, major bleeding, intracranial hemorrhage, and gastrointestinal bleeding in

comparison with each non-vitamin K antagonist oral anticoagulants

or more of CHADS, score and intolerability with warfarin were
able to be reimbursed at that time. So, AF patients with a rel-
atively high risk of stroke were captured in the HIRA database
and this may have led to higher incidence rate of S/SE and MB
in NOAC users of this study compared to a previous Japanese
study.31 Moreover, rates of patients with medication history of
nonsteroidal anti-inflammatory drugs and antiplatelets were
high ranging from 81.03% to 81.83% and 75.58 to 76.39%, re-
spectively, among NOAC users after applying IPTW, which may
have also increased the occurrence of major bleeding (Table 1).
However, a study by Lee et al?® which analyzed data from the pe-
riod after the Korean insurance coverage was expanded to cover
AF patients with lower risk of stroke, documented similar clinical
characteristics and incidence rates of stroke and major bleeding
with Japanese study results.?! In a network meta-analysis of 16
Asian real-world studies (including patients from 3 studies with
CHA,DS,-VASc score 24), there were no significant differences
in the risk of stroke and systemic embolism between each NOAC
while rivaroxaban showed a higher risk of major bleeding than
apixaban.®? These results were similar to what we have found
from our research. Therefore, our study results suggest that
NOACSs can be administered safely and effectively to AF patients
with high risk of thromboembolism in Asia.

4.1 | Limitations

This study has several inherent limitations of retrospective analysis
using claims data. First, although we carefully adjusted confounders
using IPTW and achieved a close balance of confounding factors,
unmeasured confounding factors might have existed. Second, be-
cause claims data were collected for reimbursement purposes, cod-

ing errors for comorbidities and outcomes may exist in the database.

Third, we assumed that the patients took all the medications as pre-
scribed, but we could not accurately measure whether patients were
fully adherent or the precise time point at which patients discontin-
ued treatment. Fourth, the HIRA database does not contain labo-
ratory data (eg, body weight and renal and liver function data) and
over-the-counter medication use data. Fifth, the follow-up period of
this study was relatively short because reimbursement of NOAC as
the first-line therapy began since July 1, 2015. Thus, further studies
may be required to explore the long-term effectiveness and safety
of NOACs.

5 | CONCLUSIONS

Both apixaban and dabigatran were associated with a significantly
lower risk of MB compared to rivaroxaban in real-world practice
among Asians with AF. Apixaban was also associated with lower risk
of Gl bleeding compared to dabigatran and rivaroxaban. The results
may be especially relevant to patients with relatively high risk of
thromboembolism. Further research including various data sources

may be helpful for validating the findings of the current study.
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