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Background/Aims: Efforts to reduce stroke in patients with atrial fibrillation (AF) have 
focused on increasing physician adherence to oral anticoagulant (OAC) guidelines; 
however, the high early discontinuation rate of vitamin K antagonists (VKAs) is a lim-
itation. Although non-VKA OACs (NOACs) are more convenient to administer than 
warfarin, their lack of monitoring may predispose patients to nonpersistence. We com-
pared the persistence of NOAC and VKA treatment for AF in real-world practice.
Methods: In a prospective observational registry (COmparison study of Drugs for 
symptom control and complication prEvention of Atrial Fibrillation [CODE-AF] regis-
try), 7,013 patients with nonvalvular AF (mean age 67.2 ± 10.9 years, women 36.4%) were 
consecutively enrolled between June 2016 and June 2017 from 10 tertiary hospitals in 
Korea. This study included 3,381 patients who started OAC 30 days before enrollment 
(maintenance group) and 572 patients who newly started OAC (new-starter group). The 
persistence rate of OAC was evaluated.
Results: In the maintenance group, persistence to OAC declined during 6 months, to 
88.3% for VKA and 95.5% for NOAC (p < 0.0001). However, the persistence rate was not 
different among NOACs. In the new-starter group, persistence to OAC declined during 
6 months, to 78.9% for VKA and 92.1% for NOAC (p < 0.0001). The persistence rate was 
lower for rivaroxaban (83.7%) than apixaban (94.6%) and edoxaban (94.1%, p < 0.001). 
In the new-starter group, diabetes, valve disease, and cancer were related to nonper-
sistence of OAC.
Conclusions: Nonpersistence was significantly lower with NOAC than VKA in both the 
maintenance and new-starter groups. In only the new-starter group, apixaban or edox-
aban showed higher persistence rates than rivaroxaban.
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INTRODUCTION

Atrial fibrillation (AF) is the most common, sustained 
cardiac arrhythmia occurring in 1% to 2% of the general 
population [1], and is associated with increased morbidi-
ty and mortality [2]. AF is associated with a 5-fold increase 
in stroke risk, and one in five cases of stroke is attributed 
to this arrhythmia [3]. Vitamin K antagonists (VKAs) have 
been the mainstay of oral anticoagulant (OAC) treatment 
for several decades and reduce the relative risk of stroke 
in patients with AF by 64% [4]. However, non-VKA OACs 
(NOACs), such as the direct thrombin inhibitor dabiga-
tran and the factor Xa inhibitors rivaroxaban, apixaban, 
and edoxaban, are now approved for stroke prevention 
in patients with AF. The NOACs have all been shown to 
be at least as effective and safe as warfarin in large ran-
domized controlled trials [5-7], with a lower incidence of 
intracranial hemorrhage, and have now been incorpo-
rated into guidelines [8,9].

As patients with AF have an elevated risk of develop-
ing ischemic stroke when untreated, assessing OAC per-
sistence is crucial to understanding the extent to which 
patients continuously receive the benefit of stroke pre-
vention while tolerating the possible adverse effects. 
Lack of adherence to warfarin has long been recognized 
in clinical practice, and is believed to be due to the in-
convenience of frequent warfarin monitoring, dietary 
restrictions, and numerous drug interactions [2,10]. NO-
ACs also have several potential advantages compared 
with VKAs, such as fewer drug-drug and food-drug in-
teractions and no requirement for routine coagulation 
monitoring [11]. Although the lack of routine monitor-
ing with NOAC use may be seen as an advantage, patients 
taking NOACs may have less contact with clinicians, pro-
viders may be less aware of the patients’ medication-tak-
ing behaviors, and, consequently, NOAC nonpersistence 
may be anticipated in clinical practice [12]. An important 
question is whether the ease of NOAC use has translated 
into better treatment persistence. Unfortunately, infor-
mation from large randomized controlled studies [5,13] 
cannot provide a reliable indication of the levels of per-
sistence that might be anticipated in real-world practice. 
Some studies, largely from pharmacy or health system 
administrative data and all limited to a single NOAC, 
have attempted to estimate persistence. Moreover, some 
studies aimed to determine whether NOACs show im-

proved persistence compared with VKA [14-18]. Research 
using real-world data is key to observing persistence 
without the influence of a study environment, such as 
in a clinical trial. However, studies with real-world data 
of new drugs require time for information to naturally 
accumulate as the drugs become routinely used in clini-
cal practice. At the time when this study was performed 
in 2016, edoxaban was the most recently approved OAC 
for stroke prevention in patients with nonvalvular AF. 
With rivaroxaban, apixaban, and dabigatran having also 
been in circulation for some years, it is now timely to 
use real-world data to assess OAC treatment persistence. 
To address the important question of OAC persistence 
in real-world practice after the approval of NOACs, we 
aimed to compare the persistence of VKAs and NOACs 
through a prospective, multicenter cohort study of pa-
tients with nonvalvular AF.

METHODS

Study design and centers
The COmparison study of Drugs for symptom con-
trol and complication prEvention of Atrial Fibrillation 
(CODE-AF) is a prospective, multicenter, observational 
study performed in AF patients aged > 18 years with val-
vular disease of more than moderated degree, who have 
undergone valve operation and are attending any of 10 
tertiary centers encompassing all geographical regions 
of South Korea.

The aim of the CODE-AF registry is to describe the 
clinical epidemiology of patients with AF, and to deter-
mine the diagnostic and therapeutic processes (includ-
ing the organization of programs for AF management) 
applied in these patients and the clinical outcomes. The 
registry was designed and coordinated by the Korea 
Heart Rhythm Society, which provides support to relat-
ed committees, national coordinators, and participating 
centers. Data are entered in a common electronic data-
base that limits inconsistencies and errors and provides 
online help for key variables. Each center has access to 
its own data and data from all other participating cen-
ters. The study was approved by the ethics committee 
of each center (4-2016-0105), and all patients provided 
informed consent for their inclusion. This study was 
registered at ClinicalTrials.gov (NCT02786095).

www.kjim.org


101

Kim H, et al. Persistence of oral anticoagulants

www.kjim.orghttps://doi.org/10.3904/kjim.2017.415

Patients
In a prospective observational registry (CODE-AF reg-
istry), 7,013 patients with nonvalvular AF (mean age 67.2 
± 10.9 years, women 36.4%) were consecutively enrolled, 
including those with mild mitral stenosis, between June 
2016 and June 2017 from 10 tertiary hospitals in South 
Korea. Patients with a low or intermediate stroke risk (n 
= 1,847) and those with a high stroke risk but without an-
ticoagulation treatment (n = 1,213) were excluded. Finally, 
this study included 3,381 patients who started OAC > 30 
days before enrollment (maintenance group) and 572 pa-
tients who newly started OAC (new-starter group) (Fig. 1).

The following patient parameters were assessed: de-
mographics, comorbidities (including congestive heart 
failure, hypertension, diabetes mellitus, stroke, tran-
sient ischemic attack [TIA], thromboembolism, and 
vascular disease, such as a prior myocardial infarction 
or the presence of atherosclerotic vascular disease [e.g., 
peripheral artery disease and aortic or carotid plaques]), 
stroke risk (CHA2DS2-VASc score), bleeding risk (Hy-
pertension, Abnormal renal/liver function, Stroke, 
Bleeding history or predisposition, Labile international 
normalized ratio, Elderly, Drugs/alcohol concomitantly 
[HAS-BLED]) scores, type of OAC prescribed, concom-
itant cardiovascular drugs, number of outpatient pri-
mary care physician visits in a defined period, and, in 
VKA-treated patients, frequency of international nor-
malized ratio (INR) monitoring.

Study analysis
Patients were categorized into five separate exposure co-
horts, according to whether they were initiated or main-
tained on warfarin, dabigatran, apixaban, rivaroxaban, or 
edoxaban therapy. Index day was defined as the enroll-
ment date if anticoagulation was maintained more than 
30 days before enrollment date, or the initiation day of 
OAC if anticoagulant was prescribed within 14 days after 
the first AF diagnosis.

Persistence (or nonpersistence) to therapy was ana-
lyzed from the initiation of the index therapy (first pre-
scription date of the initially prescribed therapy) and in-
volved a series of successive prescriptions. (1) Persistence 
was defined as a refill within the period covered by the 
previous prescription. This included patients who may 
have interrupted treatment but received their subse-
quent prescription within 60 days. (2) Nonpersistence 
was defined as a permanent discontinuation of therapy 
or a refill later than 60 days after the end of the period 
covered by the previous prescription.

For nonpersistent patients, the start of nonpersistence 
was the last date covered by the last “persistent” pre-
scription. Therefore, the end date of the previous/last 
prescription was the patient’s time to nonpersistence.

Factors associated with nonpersistence
For NOAC or VKA, factors that may potentially influ-
ence persistence were examined. These included age, 
sex, insurance status, stroke risk (CHA2DS2-VASc score), 
history of chronic obstructive pulmonary disease, 
pre-index comorbidities, type of OAC used, and use of 
cardiovascular and antiplatelet drugs during the 180-day 
post-index period. Comparisons of persistence with ri-
varoxaban, dabigatran, or VKA therapy at 180 and 360 
days were conducted. For the analyses of adherence to 
dosing regimens with rivaroxaban or dabigatran and the 
identification of factors that may potentially influence 
persistence, the treatment period of 180 days was used.

Statistical analysis
The demographic and clinical characteristics of the 
study patients were described using frequency and per-
centage distributions for categorical variables, and with 
descriptive statistics (mean, standard deviation, and 
median) for continuous and count variables, measured 
from the patient’s index date or based on the pre-index 

7,013 Patients with non-valvular AF enrolled from June
2016 to June 2017

1,847 Low or intermediate stroke risk
1,213 High stroke risk without anticoagulation

3,953 Non-valvular AF patients on OAC

572 New-starter group

  30 Warfarin

542 NOAC

   765 Warfarin 

2,616 NOAC

3,381 Maintenance group

Figure 1. Flowchart of patient enrollment. AF, atrial fibrilla-
tion; OAC, oral anticoagulant; NOAC, non-vitamin K antag-
onist (VKA) OAC.
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period (180 days preceding index date), unless otherwise 
specified. The statistical significance of the extent of 
differences of patient baseline characteristics and of the 
differences in outcomes between treatment groups was 
assessed using the following measures for independent 
samples: chi-square test for categorical measures and 
Student’s t test for nonnormally distributed continuous 
variables, whenever appropriate. The statistical signifi-
cance of the difference in persistence rates between the 
treatment groups was tested using the Z test. Factors 
with a potential influence on treatment persistence were 
evaluated using a logistic regression model. One mod-
el utilizing relevant demographic and clinical variables 

(Table 1) was run. Variable selection procedures (for-
ward/backward selection) were not applied. Statistical 
analyses were performed with SPSS version 21.0 statis-
tical software (IBM Co., Armonk, NY, USA). All p values 
were two-tailed, and values < 0.05 were considered sta-
tistically significant.

RESULTS

Baseline characteristics
The characteristics of the patient population in the 
maintenance group are described in Table 1. Generally, 

Table 1. Baseline characteristics of patients

Characteristic
All

(n = 3,953)
VKA

(n = 795)
Dabigatran

(n = 827)
Apixaban
(n = 1,225)

Rivaroxaban
(n = 713)

Edoxaban
(n = 393)

Male sex 2,198 (55.6) 490 (61.6) 496 (60.0) 622 (50.8) 388 (54.4) 202 (51.4)

Age, yr 71.7 ± 8.4 72.3 ± 8.2 70.1 ± 8.1 72.5 ± 8.5 71.2 ± 8.4 71.8 ± 8.9

BMI, kg/m2 24.6 ± 3.5 24.4 ± 3.5 25.0 ± 3.3 24.6 ± 3.6 24.7 ± 3.4 24.6 ± 3.4

Type of AF

Paroxysmal 2,419 (61.2) 506 (63.6) 511 (61.8) 762 (62.2) 438 (61.4) 202 (51.4)

Persistent 1,324 (33.5) 240 (30.2) 281 (34.0) 405 (33.1) 221 (31.0) 177 (45.0)

Permanent 154 (3.9) 36 (4.5) 25 (3.0) 42 (3.4) 42 (5.9) 9 (2.3)

OAC duration

New start 14.5 3.8 13.7 14.0 9.1 49.1

Maintain 85.5 96.2 86.3 86.0 90.9 50.9

CHA2DS2-VASc 3.49 ± 1.3 3.52 ± 1.4 3.32 ± 1.3 3.65 ± 1.4 3.54 ± 1.3 3.21 ± 1.2

HAS-BLED 2.24 ± 0.9 2.88 ± 1.0 2.05 ± 0.9 2.14 ± 0.8 2.03 ± 0.8 2.02 ± 0.9

Valve disease 485 (12.3) 141 (17.7) 81 (9.8) 143 (11.7) 86 (12.1) 34 (8.7)

Heart failure 520 (13.2) 116 (14.6) 108 (13.1) 163 (13.3) 87 (12.2) 46 (11.7)

Hypertension 3,126 (79.1) 618 (77.7) 654 (79.2) 1,000 (81.6) 557 (78.1) 297 (75.8)

Diabetes mellitus 1,357 (34.3) 286 (36.0) 281 (34.0) 428 (34.9) 245 (34.4) 117 (29.8)

History of stroke/TIA 864 (21.9) 170 (21.4) 181 (21.9) 282 (23.0) 180 (25.2) 51 (13.0)

History of MI 155 (3.9) 39 (4.9) 36 (4.4) 45 (3.7) 27 (3.8) 8 (2.0)

History of PAD 287 (7.0) 62 (7.8) 52 (6.3) 96 (7.8) 51 (7.2) 17 (4.3)

Cancer 436 (11.0) 68 (8.6) 73 (8.8) 169 (13.8) 64 (9.0) 62 (15.8)

CKD 474 (12.0) 169 (21.3) 33 (4.0) 177 (14.4) 68 (9.5) 27 (6.9)

Dyslipidemia 1,635 (41.4) 308 (38.7) 345 (41.8) 538 (43.9) 312 (43.8) 132 (33.7)

History of bleeding 429 (10.9) 95 (11.9) 66 (8.0) 152 (12.4) 79 (11.1) 37 (9.4)

Values are presented as number (%) or mean ± SD.
VKA, vitamin K antagonist; BMI, body mass index; AF, atrial fibrillation; OAC, oral anticoagulant; CHA2DS2-VASc, congestive 
heart failure, hypertension, age 75 years or older, diabetes mellitus, previous stroke/transient ischemic attack, vascular disease, 
age 65–74 years, sex category (female); HAS-BLED, hypertension, abnormal renal/liver function, stroke, bleeding history or 
predisposition, labile international normalized ratio, elderly, drugs/alcohol concomitantly; TIA, transient ischemic attack; MI, 
myocardial infarction; PAD, peripheral artery disease; CKD, chronic kidney disease. 
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the patient characteristics were similar between groups 
for each drug. The cohort consisted of 795 patients 
taking warfarin and 3,158 patients taking an NOAC. 
Common comorbidities included hypertension, diabe-
tes, history of stroke/TIA, and heart failure. The mean 
CHA2DS2-VAS scores were 3.52 ± 1.4 and 3.48 ± 1.3 in 
warfarin and NOAC users, respectively. Apixaban-pre-
scribed patients had higher CHA2DS2-VAS score (3.65 
± 1.4) and HAS-BLED score (2.14 ± 0.8) than those pre-
scribed other OACs. The baseline characteristics in the 
new-starter and maintenance groups are presented in 
Supplementary Tables 1 and 2.

Nonpersistence rate
In the new-starter group during a mean follow-up du-
ration of 192 ± 95 days, the nonpersistence rates of each 
OAC at 3 months were as follows: warfarin 10.4%, ri-
varoxaban 14.5%, dabigatran 6.4%, apixaban 4.8%, and 
edoxaban 5.4%. The nonpersistence rates of each OAC 
at 6 months were as follows: warfarin 21.1%, rivaroxaban 
16.3%, dabigatran 10.8%, apixaban 5.4%, and edoxaban 
5.9%. The 6-month nonpersistence rates of all of NOAC 

were significantly lower compared to that of warfarin (p 
< 0.001). In the new-starter group, apixaban or edoxaban 
showed a lower nonpersistence rate than rivaroxaban (p 
< 0.001) (Fig. 2).

In the maintenance group during a mean follow-up 
duration of 266 ± 107 days, the nonpersistence rates of 
each OAC at 3 months were as follows: warfarin 5.5%, 
rivaroxaban 2.6%, dabigatran 2.9%, apixaban 1.3%, and 
edoxaban 2.0%. The nonpersistence rates of each OAC 
at 6 months were as follows: warfarin 11.7%, rivaroxaban 
5.2%, dabigatran 5.9%, apixaban 4.3%, and edoxaban 
3.0%. Nonpersistence to NOAC was significantly low-
er than to warfarin (p < 0.001). There was no difference 
among the four NOACs (Fig. 3).

In order to confirm the pattern of maintenance group, 
additional analysis was performed by changing the defi-
nition of maintenance group to patients who had been 
using NOAC for more than 60 and 90 days, respectively. 
The results confirmed that all three groups of patients 
(NOAC usage for more than 30, 60, and 90 days) showed 
a similar pattern in terms of discontinuation (Supple-
ment Figs. 1 and 2). 
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Figure 2. Kaplan-Meier curve free from persistence in the 
new-starter group. VAK, vitamin K antagonist. 

Figure 3. Kaplan-Meier curve free from persistence in the 
maintenance group. VAK, vitamin K antagonist. 
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Especially in patients with valve disease, warfarin was 
discontinued mainly for the change of NOAC in main-
tenance group (66.7%). Persistence rate was not differ-
ent between twice-daily and once-daily medications (log 
rank test, p = 0.928) (data is not presented).

Factors related to nonpersistence
In new-starter group, diabetes mellitus (odds ratio [OR], 
0.53; 95% confidence interval [CI], 0.29 to 0.97; p = 0.04), 
valve disease (OR, 0.43; 95% CI, 0.2 to 0.91; p = 0.03), and 
cancer (OR, 0.42; 95% CI, 0.2 to 0.9; p = 0.03) were re-
lated to nonpersistence of OAC (Table 2). However, in 
maintenance group, significant factors related to non-
persistence were not observed.

Change of OAC
In new-starter group, OAC was discontinued in 36.4%, 
60.0%, 80.0%, and 63.6% of patients taking dabiga-
tran, apixaban, rivaroxaban, and edoxaban, respectively. 
Fig. 4A shows the first change of OAC or other NOAC 
in these patients. The types of OAC were not changed 
more than two times in any of the new-starter patients.

In maintenance group, for patients who were nonper-
sistent to dabigatran, 90.5% switched to other NOACs, 
4.8% to warfarin, and 4.8% completely stopped OAC. 
In those who were nonpersistent to apixaban, 68.9% 
switched to other NOACs and 31.1% completely stopped 
OAC. In those who were nonpersistent to rivaroxaban, 

Table 2. Predictors of nonpersistence in the maintenance and new-starter groups

Variable
New-starter Maintenance

OR (95% CI) p value OR (95% CI) p value

Hypertension 1.99 (0.85–4.65) 0.11 0.78 (0.57–1.07) 0.12

Diabetes mellitus 0.53 (0.29–0.97) 0.04 1.28 (0.96–1.72) 0.09

Myocardial infarction 0.59 (0.13–2.73) 0.50 0.93 (0.43–2.02) 0.86

Valve disease 0.43 (0.2–0.91) 0.03 1.23 (0.8–1.9) 0.35

Heart failure 0.85 (0.37–1.93) 0.69 0.99 (0.67–1.47) 0.96

PAOD 0.97 (0.22–4.35) 0.97 1.03 (0.56–1.89) 0.92

CVA 1.51 (0.61–3.78) 0.37 1.21 (0.86–1.69) 0.28

Dyslipidemia 1.09 (0.59–2.03) 0.78 1.32 (0.99–1.75) 0.06

CKD 0.9 (0.35–2.35) 0.83 1.18 (0.75–1.83) 0.47

Cancer 0.42 (0.2–0.9) 0.03 0.81 (0.55–1.21) 0.31

Bleeding 1.09 (0.42–2.81) 0.86 0.98 (0.63–1.52) 0.93

OR, odds ratio; CI, confidence interval; PAOD, peripheral artery occlusive disease; CVA, cerebrovascular accident; CKD, chron-
ic kidney disease.
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67.7% switched to other NOACs and 32.4% completely 
stopped OAC. All patients who were nonpersistent to 
edoxaban switched to other NOACs (Fig. 4B). The types 
of OAC were changed two and three times in five pa-
tients (2.5%) and one patient (0.4%), respectively. 

DISCUSSION

Main findings
Our study found that the persistence rate was signifi-
cantly higher with NOACs than with VKAs in both the 
maintenance and new-starter groups. Second, there was 
no difference in the persistence rate among different 
NOACs in the maintenance group. However, apixaban 
or edoxaban showed a higher persistence rate than ri-
varoxaban in the new-starter group. Finally, diabetes 
mellitus, valve disease, and cancer were related to the 
nonpersistence of OAC in the new-starter group.

Nonpersistence rate
Several factors may lead to differences in persistence 
and adherence among treatments in routine practice. 
VKA therapy involves regular INR monitoring and dose 
adjustments [19]. In addition, VKA therapy is influenced 
by numerous interactions between drugs and foods (e.g., 
foods rich in vitamin K) [11]. As NOACs do not require 
routine monitoring, do not show food-drug interac-
tions, and show fewer drug-drug interactions, our find-
ings of a higher persistence with NOAC than with VKA 
may be explained by the improved convenience of these 
modern therapies.

Currently, the information available on NOAC non-
persistence in clinical practice, from studies examining 
individual agents, shows that 23% to 49% of patients are 
nonpersistent to dabigatran, 19% to 42% of patients are 
nonpersistent to rivaroxaban, and 14% to 17% of patients 
are nonpersistent to apixaban [11,16,20-24]. There are no 
available real-world nonpersistence data for edoxaban. 
Recent studies show that the early (6 months) nonper-
sistence to dabigatran and rivaroxaban are as high as the 
1-year nonpersistence rates of 25% to 32% [25-27]. How-
ever, the NOAC persistence rate was much higher in this 
study. This result might be related to the full insurance 
coverage of NOAC in Korea. 

Previous studies demonstrated that nonpersistence 

was higher with dabigatran and rivaroxaban than with 
apixaban [23,24,28,29]. However, the persistence rate of 
edoxaban has not been well evaluated. This study showed 
that nonpersistence to apixaban or edoxaban was low-
er than that to rivaroxaban, with the nonpersistence 
rate being similar between edoxaban and apixaban, in 
the new-starter group. Interestingly, the apixaban per-
sistence was higher than that of other OACs (albeit after 
the first 100 days since initiation), as it has been previ-
ously speculated that the once-a-day regimen is more 
convenient than twice-a-day regimens, thus probably 
leading to better persistence [30]. Our study showed that 
persistence is also likely affected by other factors. One 
possible explanation for the observed improved per-
sistence to apixaban, which is given in a once-a-day reg-
imen, is that patients taking this drug may have greater 
AF severity and/or more comorbidities (as observed in 
our study), which could increase their understanding of 
the importance of treatment continuation.

In the maintenance group in this study, there was no 
difference in the persistence rate among NOACs.

Factors related to persistence of OAC
In this study, diabetes mellitus, valve disease, and cancer 
were related to the persistence of OAC in the new-starter 
group. This may be related to the increased understand-
ing of these patients about the importance of persistence 
and adherence to prescribed regimens. Therefore, bet-
ter education of patients may encourage persistence. 
This finding is consistent with that of a previous study 
showing a high persistence rate in patients with diabe-
tes [21]. In contrast, no factors were significantly related 
to nonpersistence in the maintenance group. However, 
it is important to point out that these findings should 
not be overinterpreted, as they were derived from a sin-
gle regression model that is only used for retrospectively 
collected database entries.

Our study demonstrated that twice-daily dosing and 
frequent gastrointestinal adverse effects may contrib-
ute to dabigatran nonpersistence. It is recognized that 
as the frequency of drug administration increases, non-
persistence to medication use decreases [31]. However, 
despite the additional inconveniences of dabigatran use 
compared with rivaroxaban that might be considered to 
predispose patients to dabigatran nonpersistence, we 
found a rather small magnitude of difference in the non-
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persistence rate between dabigatran and rivaroxaban.
Our study shows that discontinuation rate at the be-

ginning of OAC medication is generally high, followed 
by a low rate of discontinuation thereafter. These were 
the same patterns as those shown in previous study 
[32,33].

Second, the price of NOAC in Korea is relatively inex-
pensive compared to those of other countries. Most of 
the patients enrolled in this study were receiving med-
ical care at tertiary centers, and can thus be considered 
relatively affluent. Therefore, there may have been some 
selection bias.

Patterns of OAC changes
After showing nonpersistence to NOAC except dabig-
atran, a lower proportion of patients restarted NOAC. 
In addition, there were nearly twice as many patients 
nonadherent to rivaroxaban who completely stopped 
all anticoagulation therapy compared with patients 
nonadherent to dabigatran. This lack of anticoagula-
tion therapy for stroke prevention after nonpersistence 
to apixaban, rivaroxaban, and edoxaban may have been 
related to the reluctance to use anticoagulation among 
less healthy patients, and may have translated into the 
especially high risk of adverse cerebrovascular events, 
stroke, and TIA. Although it is unknown why patients 
were less likely to restart OAC after becoming non-
persistent to medication, it is possible for clinicians to 
monitor for nonpersistence and consider the possible 
stroke prevention therapies in suitable patients to help 
reduce the risk of adverse clinical outcomes.

Study limitation
The number of patients started on NOAC was relative-
ly smaller than the number of those started on VKA. 
Moreover, because of the relatively brief follow-up peri-
od, our estimates of the persistence rates of NOAC may 
be imprecise, although they seem to be much greater 
than those of VKA, and were consistent with those re-
ported by other single-drug studies. Our results should 
spur further studies investigating this question. While 
patients prescribed with NOAC and VKA showed small 
baseline differences that might have influenced our re-
sults, a sensitivity analysis matching cohorts on indi-
vidual CHA2DS2-VASc components showed almost no 
difference from the unmatched analysis. However, there 

may be residual confounding that we cannot exclude in 
a cohort study. A small proportion of patients switched 
from VKA to NOAC, and vice versa, which we addressed 
by conducting a competing risk analysis, as such pa-
tients would be categorized as remaining on OAC treat-
ment. Patients who switched from VKA to NOAC had a 
similar persistence as those who were started on NOAC 
at 1 year. Our data are very limited for the follow-up of 
NOAC use after 1 year.

In future studies, it will be important to ascertain 
whether the significant persistence advantage of NOAC 
over VKA continues in the long term. The reason for 
discontinuation of OAC is difficult to determine in co-
hort studies; prospective studies would be required to 
determine whether discontinuation was appropriate, 
whether the discontinuation was in response to bleed-
ing, and the outcome of discontinuation after stopping 
for bleeding, as well as to inform strategies to reduce 
anticoagulant discontinuation. It is likely that patient 
preferences, values, and attitudes toward stroke pre-
vention and bleeding risk will have a significant role in 
determining persistence, as they do in the decision to 
start anticoagulant therapy [34,35]; however, this study 
does not allow examining such issues. A similar issue 
arises in ascertaining the reasons for switching between 
NOAC and VKA in this study.
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KEY MESSAGE

1.	 The persistence rate was signif icantly high-
er with non-vitamin K antagonist (VKA) oral 
anticoagulants (NOACs) than with VKAs in a 
contemporary prospective, multicenter Korean 
atrial fibrillation registry.

2.	 There was no difference in the persistence rate 
among different NOACs in the maintenance 
group. However, apixaban or edoxaban showed a 
higher persistence rate than rivaroxaban in the 
new-starter group.
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Supplementary Table 1. Baseline characteristics of patients in maintenance group analysis

Characteristic
VKA

(n = 30)
Dabigatran

(n = 113)
Apixaban
(n = 171)

Rivaroxaban
(n = 65)

Edoxaban
(n = 193)

Male sex 46.7 54.0 49.1 63.1 52.8

Age, yr 71.7 ± 12.0 70.6 ± 8.6 71.5 ± 8.5 71.2 ± 8.1 72.0 ± 8.2

BMI, kg/m2 24.0 ± 3.6 24.4 ± 3.0 24.7 ± 3.9 24.3 ± 3.6 24.5 ± 3.5

Type of AF, %

Paroxysmal 63.3 60.2 68.4 64.6 51.3

Persistent 30.0 31.9 25.7 24.6 33.7

Permanent 6.4 6.2 2.3 9.2 2.6

CHA2DS2-VASc 3.7 ± 1.4 3.3 ± 1.3 3.5 ± 1.3 3.2 ± 1.1 3.2 ± 1.3

HAS-BLED 2.9 ± 1.0 2.3 ± 1.1 2.3 ± 0.9 2.2 ± 1.0 2.2 ± 0.9

Valve disease, % 20.0 17.7 12.3 16.9 6.3

Heart failure, % 23.3 13.3 12.3 13.8 13.0

Hypertension, % 76.7 75.2 75.4 76.9 73.4

Diabetes mellitus, % 33.3 35.4 29.2 24.6 30.2

History of stroke/TIA, % 13.3 16.8 21.6 20.0 15.1

History of MI, % 6.7 5.3 3.5 3.1 2.6

History of PAD, % 10.0 4.4 6.4 4.6 4.2

Cancer, % 13.3 4.4 9.9 12.3 14.1

CKD, % 23.3 5.3 11.1 7.7 5.2

Dyslipidemia, % 33.3 43.4 36.3 56.9 33.9

History of bleeding, % 16.7 8.8 14.6 15.4 7.8

Values are presented as percentage or mean ± SD.
VKA, vitamin K antagonist; BMI, body mass index; AF, atrial fibrillation; CHA2DS2-VASc, congestive heart failure, hyperten-
sion, age 75 years or older, diabetes mellitus, previous stroke/transient ischemic attack, vascular disease, age 65–74 years, sex 
category (female); HAS-BLED, hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile 
international normalized ratio, elderly, drugs/alcohol concomitantly; TIA, transient ischemic attack; MI, myocardial infarc-
tion; PAD, peripheral artery disease; CKD, chronic kidney disease.
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Supplementary Table 2. Baseline characteristics of patients in new-start group analysis

Characteristic
VKA

(n = 765)
Dabigatran

(n = 714)
Apixaban
(n = 1,054)

Rivaroxaban
(n = 648)

Edoxaban
(n = 200)

Male sex 62.2 60.9 51.0 53.5 50.0

Age, yr 72.3 ± 8.1 70 ± 8.1 72.7 ± 8.5 71.2 ± 8.4 71.6 ± 9.4

BMI, kg/m2 24.4 ± 3.5 25.1 ± 3.3 24.5 ± 3.5 24.7 ± 3.4 24.6 ± 3.4

Type of AF, %

Paroxysmal 63.7 62.0 61.2 61.1 51.5

Persistent 30.2 34.3 34.3 31.6 44.5

Permanent 4.4 2.5 3.6 5.6 2.0

CHA2DS2-VASc 3.5 ± 1.4 3.3 ± 1.2 3.7 ± 1.4 3.6 ± 1.3 3.2 ± 1.2

HAS-BLED 2.9 ± 1.0 2.0 ± 0.8 2.1 ± 0.8 2.0 ± 0.8 1.9 ± 0.8

Valve disease, % 17.6 8.6 11.6 11.6 11.0

Heart failure, % 14.2 13.0 13.5 12.0 10.5

Hypertension, % 77.8 79.8 82.6 78.2 78.0

Diabetes mellitus, % 36.1 33.8 35.9 35.3 29.5

History of stroke/TIA, % 21.7 22.7 23.2 25.8 11.0

History of MI, % 4.8 4.2 3.7 3.9 1.5

History of PAD, % 7.7 6.6 8.1 7.4 4.5

Cancer, % 8.4 9.5 14.4 8.6 17.5

CKD, % 21.2 3.8 15.0 9.7 8.5

Dyslipidemia, % 39.0 41.5 45.2 42.4 33.5

History of bleeding, % 11.8 7.9 12.0 10.6 11.0

Values are presented as percentage or mean ± SD.
VKA, vitamin K antagonist; BMI, body mass index; AF, atrial fibrillation; CHA2DS2-VASc, congestive heart failure, hyperten-
sion, age 75 years or older, diabetes mellitus, previous stroke/transient ischemic attack, vascular disease, age 65–74 years, sex 
category (female); HAS-BLED, hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile 
international normalized ratio, elderly, drugs/alcohol concomitantly; TIA, transient ischemic attack; MI, myocardial infarc-
tion; PAD, peripheral artery disease; CKD, chronic kidney disease.
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Supplementary Figure 1. Kaplan-Meier curve free from per-
sistence in the maintenance group (60 days before enroll-
ment). VAK, vitamin K antagonist. 
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Supplementary Figure 2. Kaplan-Meier curve free from 
persistence in the maintenance group (90 days before en-
rollment). VAK, vitamin K antagonist. 
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