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Aims: To describe and compare the adherence to different direct oral anticoagulants
(DOACS) in eight European databases representing six countries.

Methods: Longitudinal drug utilization study of new users (=18 years) of DOACs
(dabigatran, rivaroxaban, apixaban) with a diagnosis of non-valvular atrial fibrillation
(2008-2015). Adherence was examined by estimating persistence, switching, and
discontinuation rates at 12 months. Primary non-adherence was estimated in BIFAP
and SIDIAP databases.

Results: The highest persistence rate was seen for apixaban in the CPRD database (81%)
and the lowest for dabigatran in the Mondriaan database (22%). The switching rate for all
DOACs ranged from 2.4 to 13.1% (Mondriaan and EGB databases, respectively).
Dabigatran had the highest switching rate from 5.0 to 20.0% (Mondriaan and EGB
databases, respectively). The discontinuation rate for all DOACs ranged from 16.0 to
63.9% (CPRD and Bavarian CD databases, respectively). Dabigatran had the highest rate
of discontinuers, except in the Bavarian CD and AOK NORDWEST databases, ranging
from 283.2 to 64.6% (CPRD and Mondriaan databases, respectively). Combined primary
non-adherence for examined DOACs was 11.1% in BIFAP and 14.0% in SIDIAP. There
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were differences in population coverage and in the type of drug data source among the

databases.

Conclusion: Despite the differences in the characteristics of the databases and in
demographic and baseline characteristics of the included population that could explain
some of the observed discrepancies, we can observe a similar pattern throughout the
databases. Apixaban was the DOAC with the highest persistence. Dabigatran had the
highest proportion of discontinuers and switchers at 12 months in most databases (EMA/

2015/27/PH).

Keywords: adherence, persistence, anticoagulants, non valvular atrial fibrillation, cardiovascular, drug utilization,

pharmacoepidemiology, europe

INTRODUCTION

Direct oral anticoagulants (DOACs) have been approved since
2011 to prevent stroke and systemic embolism in patients with
non-valvular atrial fibrillation (NVAF). However, they have been
commercialized for other indications such as treatment of deep
vein thrombosis and pulmonary embolism or prevention of
thrombosis after hip/knee replacement since 2008. The first
DOAC that entered the EU market was dabigatran (thrombin
inhibitor), followed by rivaroxaban, apixaban, and edoxaban
(factor Xa inhibitors).

Treatment with DOACs as well as warfarin has been
demonstrated to be effective in reducing the stroke incidence
and mortality (except for rivaroxaban) in patients with NVAF
(Kirchhof et al., 2016; Bai et al., 2017; Proietti et al., 2018). The
easier dosing regimens with DOACs, without need for regular
monitoring and with fewer interactions, could theoretically
improve treatment adherence. However, some concerns have
been raised about patients remembering to take DOACs in the
absence of blood monitoring (Rodriguez, et al., 2013).

Although the use of DOACs has increased in recent years in
Europe (Hanemaaijer et al.,, 2015; Giner-Soriano et al., 2016),
concerns have been raised about the potential impact of no
monitoring (no need for International Normalized Ratio [INR]
tests) and the influence of multi-morbidity and polypharmacy on
DOAC adherence. This lack of adherence could result in a higher
incidence of thromboembolic and hemorrhagic complications
which would decrease their effectivity and might decrease their
safety advantages compared to vitamin K antagonists (VKA)
(Rodriguez et al., 2013; Solla-Ruiz et al, 2019). The lack of
antidotes in cases of major bleeding was another issue raised
when DOACs were first introduced, however, idarucizumab and
adexanet alfa were approved in 2015 and 2019, respectively
(EMA, 2015; EMA, 2019).

Interest in medication adherence, understood as patients
taking their medication as prescribed, has increased in recent
years because it may compromise the effectiveness and safety of
the drug use. Few studies have measured primary adherence to
DOAC:s, defined as patients failing to collect the first prescription
of a medication from the pharmacy, with one study estimating
non-adherence to be around 11% (Vrijens et al., 2012; Rodriguez-
Bernal et al., 2018).

DOAC treatment persistence has been evaluated in some of
the pivotal clinical trial studies. Treatment persistence ranged
from 14.5% at 1 year to 25.3% during the whole study period
(median follow-up: 1.8 years) (Rodriguez, et al., 2013). In the Re-
LY trial, the discontinuation rate at 1 year for dabigatran was 15.5
and 10.2% for warfarin (Connolly et al., 2009). In the ROCKET
AF study, the proportion of patients who permanently stopped
their assigned therapy before an end-point event (stroke
(ischemic or hemorrhagic), systemic embolism, or death from
cardiovascular causes) and before the study end was 23.7% in the
rivaroxaban group and 22.2% in the warfarin group (Patel et al,,
2011; Di Minno et al., 2014). This might represent a limitation for
the extrapolation of efficacy study results to clinical practice, as
efficacy might be lower in non-adherent patients.

The treatment persistence of DOACs has also been evaluated
in real-world clinical practice. Published studies carried out in the
United Kingdom, United States, Sweden, and Australia, showed
that treatment persistence was higher with DOACs than with
VKA (Coleman et al., 2016; Forslund et al., 2016; Martinez et al.,
2016; Simons et al., 2016). A cohort study in the Clinical Practice
Research Datalink (CPRD) database, showed that persistence at
1 year was significantly higher for DOACs (79.2%) than for VKA
(63.6%), and that this alone could lead to fewer cardioembolic
strokes (Martinez et al., 2016) as was seen in another Sweden
observational study where the DOACS’ persistence was 70% and
non-persistence patients had an OR = 2 of stroke and transient
ischemic attack (Komen et al., 2020). However, in another study
performed on the CPRD, no evidence of a difference in non-
persistence between VKA and apixaban [HR 0.92 (95% CI 0.68 ti
1.23)] was found, and non-persistence was higher with
dabigatran [HR 1.67 (1.20 to 2.32)] and rivaroxaban [HR 1.41
(1.02 to 1.93)] than apixaban (Johnson et al., 2016).

Other studies performed in claims databases (Coleman et al.,
2016; Simons et al., 2016) or administrative registries (Forslund
et al., 2016) report on differences in adherence for patients using
different DOACs. Users of rivaroxaban had a higher persistence
and a lower rate of discontinuation at 2 years, compared with
those using dabigatran and warfarin (Coleman et al., 2016; ;
Forslund et al., 2016). Differences have been found in the hazard
ratios for risk of discontinuation among the different types of
DOACs with a higher persistence with warfarin and apixaban
than with dabigatran or rivaroxaban [rivaroxaban vs apixaban,
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TABLE 1 | Database characteristics.

Source
population
Year(s) covered
for this study
Type of
database®

Data available
since
Demographic
variables
available

Date of
registration

Date of
transferring out

Date of birth

Gender
Drug information
available

Active
international
coding

Product coding

Date of
prescribing/
dispensing

Quantity
prescribed/
dispensed

Dosing regimen
Outcome
information

Outpatient
primary care
diagnosis

Hospital
discharge
diagnosis

Laboratory
tests

Mortality

Mondriaan

0.4m

2012-2015

GP
prescribing
data

1991

Yes

Yes

DD-MM-YY

Yes

ATC

HPK

Mondriaan

Yes

Yes

No

ICPC

No

Yes

Yes

Danish
national
registries

55m
2008-2015

Dispensing data
from community

AOK NORDWEST?®

27m
2008-2015

Claims database
including data for

Bavarian claims

10.5m

2008-2015

Claims database

including data for

BIFAP?

7.5m
2008-2015
General practice
prescribing data/

reimbursed data

2001

Yes

Yes

MM-YY

Yes

ATC

CNF

Bavarian claims

Yes (for each
prescription the quarter
is documented)

Yes (package size)

No

ICD-10-GM (for each
diagnosis the quarter is
documented)

No

No

pharmacies dispensed dispensed
reimbursed drugs reimbursed drugs
1994 2007 2008
Yes Yes Yes (first
consultation)
Yes Yes Yes (last
consultation)
MM-YY MM-YY MM-YY
Yes Yes Yes
ATC ATC ATC
Nordic Article PZN PZN
Number
Danish AOK NORDWEST?®
national
registries
Yes Primary care sector: Yes Secondary care
sector: Yes (only for a few selected
(expensive) compounds, but no (D)OACs
prescriptions)
Yes Yes (package size)
No No
No ICD-10-GM (quarterly base)
ICD-8, ICD-10  ICD-10-GM
No No
Yes No (incompletely recorded, e.g., no follow-

up for patients leaving the AOK)

ARepresentative of general population.
bF’rescrib/‘ng databases: collected information on prescribed drugs by GP; Reimbursement databases: collected information on dispensed drugs funded by Health Care Services;
Dispensing databases: collected all dispensation of prescription drugs regardless of the drug’s reimbursement status Elseviers et al., 2016.
Sis registered but not available for research due to confidentiality reasons.
9For dispensing: MM/YY.

°Number of reimbursed packages.

Only in prescribing data.
9Available for 28% of included population.

No
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SIDIAP

58m
2009-2015
General practice
prescribing data/

reimbursed data

2006

Yes

Yes

MM-YY

Yes

ATC

Yes'

BIFAP?

Yes

Yes

ICPC-2, ICD-9

No

Yes (as
requested

by GP)

Yes (no cause
of death)

CPRD? EGB?
12.5m 0.7m
2008-2015 2013-2015
General Claims database
practice including
prescribing dispensed
data reimbursed data
1987 2004
Yes Yes
Yes Yes
MM-YY MM-YY
Yes Yes
BNF ATC
Product code CIP-13
SIDIAP CPRD? EGB?

Yes Yes Yes

Yes® Yes Yes

Yes' Yes No

ICD-10 ICD-9, ICD-10
ICD-10

No* ICD-9, ICD-10
ICD-10

Yes Yes No

Yes (no Yes Yes (no

cause of cause of

death) death)
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2.14 (1.47-3.11); dabigatran vs apixaban, 1.99 (1.38-2.87);
rivaroxaban vs dabigatran, 1.09 (0.89-1.36)] (Simons et al,
2016). There are other studies performed with claims
databases [French health insurance system database
(SNIIRAM); Foundation for Pharmaceutical Statistics (SFK)].
The French study showed a higher adjusted 1-year
discontinuation rate for dabigatran than for VKA new users
[36.8 vs 30.2%; 3.0% (1.9-4.1)] (Maura et al, 2017) (Maura
et al, 2018). And for one performed with the SFK, non-
persistence at 1year to DOAC was 34% higher compared to
VKA (22%) (Zielinski et al., 2019).

The present cross-national study aims to describe the
adherence to different DOACs across six European countries
using longitudinal data collected in eight electronic health care
databases over a period of 8 years.

This adherence drug utilization study is part of a protocol
that was developed under the EMA Framework service
contract (nr. EMA/2015/27/PH) with regard to the re-
opening of competition no. 3.

METHODS
Setting and Study Population

A longitudinal drug utilization study of new users (>18 years) of
DOACs (dabigatran, rivaroxaban, apixaban; ATC codes:
BO1AE07, BO1AF01, and BO1AF02, respectively) with a
diagnosis of NVAF (see codes in Supplementary Table S1)
was conducted between January 2008 and December 2015 in
eight data sources from six European countries (Table 1).

A common protocol was applied for data extraction and
analysis for each database (EU PASS Register No: 16,014) (EU
PAS Register, 2021).

New users were defined as patients >18 years initiating a DOAC
with a diagnosis of NVAF during the study period, without any use of
DOAG: for at least 12 months prior to the index date (the day of the
first DOAC prescription for each patient during the study period).
Patients with previous use of VKA were included. A complete flow
chart showing patient inclusion is available in a previous publication
(Ibanez et al,, 2019) and in the Supplementary Material.

Patients registered in the database less than 12 months before
the index date and patients with a history of valvular atrial
fibrillation (see codes in Supplementary Table S1) on or at
any time before the index date were excluded.

Data Sources

Data were retrieved from the following eight databases: 1) the
Dutch Mondriaan project, which includes the Julius General
Practitioner Network (JHN) database (Smeets et al., 2018); 2)
the Danish National Registries (DNR), which includes the Danish
National Patient Register, Danish National Prescription Registry,
and Danish Civil Registration System (Schmidt et al., 2015;
Kildemoes et al., 2011; Schmidt et al, 2014); 3) the AOK
NORDWEST database, Germany (Jaunzeme et al, 2013;
"Hoffmann and Koller, 2015); 4) the Bavarian Association of
Statutory Health Insurance Physicians database, Germany,
referred to here as Bavarian CD, (Mehring et al., 2017); 5) the

Adherence to Direct Oral Anticoagulnts

‘base de datos para la Investigacion Farmacoepidemioldgica en
Atencion Primaria’ (BIFAP), Spain (de Abajo et al., 2013); 6) the
Information System for the Development of Research in Primary
Care (SIDIAP), Catalonia, Spain (Garcia-Gil et al,, 2011); 7) the
Clinical Practice Research Datalink (CPRD), United Kingdom
(Williams et al., 2012; 'Herrett et al., 2015); and 8) the ‘Echantillon
Généraliste de Bénéficiaires’ (EGB), France (Bezin et al., 2017).
The characteristics of the databases are described in Table 1 and
in a previous publication (Ibafez et al., 2019).

Ethical Approval

Investigators in each country had study approval from the
corresponding data owners. There were no other requirements
since anonymized data were used. Additionally, the main study
protocol was revised and approved by an internal EMA panel of
experts.

Outcome

The main outcome was assessing the adherence of DOAC users
through different indicators such as persistence rate, switching
rate, and discontinuation rate. For the analysis of these indicators
we used the treatment episodes defined as a series of subsequent
prescriptions or dispensations for a DOAC including a
permissible gap of 30 days following the theoretical end date
of the DOAC, independent of dose changes and constructed
according to the method of Gardarsdottir (Gardarsdottir et al.,
2010). In case a subsequent prescription for the same drug was
collected before the theoretical end date of a previous
prescription, the number overlapping days was added to the
theoretical end date of the subsequent prescription.

Adherence was assessed on two levels. We first assessed
primary non-adherence which was defined as all patients who
received a first DOAC prescription and did not refill the
prescribed DOAC in the following 12 months.

For secondary adherence, we assessed a number of usage
patterns, including:

- Persistent patients were defined as those still using DOAC at
various predefined points in time after treatment initiation (3,
6, 12 months).

- Switchers were defined as patients with a subsequent
prescription within the first treatment episode that included
another type of DOAC or other oral anticoagulant (at least one
prescription of antithrombotic drug (ATC code: BO1AA
[VKA], BO1AE [direct thrombin inhibitors], or BO1AF
[direct factor Xa inhibitors]).

- Discontinuers were defined as patients that did not receive a
subsequent DOAC within 30 days following the theoretical end
date of a prior DOAC.

Follow-up of each patient covered the time between the index
date until switch of therapy, discontinuation of therapy, or the
end of the study, whichever came first.

The previously mentioned definitions were based on the
terminology proposed by the European Society for Patient
Adherence, Compliance, and Persistence (Vrijens et al., 2012;
Helmy et al., 2017).
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Analysis

The analysis was performed using the first treatment episode,
and stratified by database and individual DOAC at 12 months
after the index date and by sex and age for the whole study
period.

Primary non-adherence was only performed in the SIDIAP
and BIFAP databases on a sample where both prescriptions
and dispensing could be linked for the individual patient. In
BIFAP, since 2011 onwards and progressively implemented,
currently only 14.4% of all prescriptions could be linked to
pharmacy dispensations while all prescriptions in SIDIAP
could. These were the only participating databases with
available information.

- The persistence rate was estimated as the proportion of patients
still on treatment at 3, 6, and 12 months (deceased patients were
censored). The log-rank test was applied for analyzing
differences in the time until discontinuation between the
individual DOACs and specific subgroups of patients
(chronic kidney disease [CDK] by diagnosis codes, see
Supplementary Table S2). This information was available for
all databases, except for the Bavarian Claims database.

The switching rate of all DOAC:s at 12 months was calculated as
the number of patients switching treatment divided by the total
number of patients included in the study population *100. The
switching percentage by individual DOAC was calculated as
patients switching treatment from the individual DOAC
divided by the total number of patients treated with that
individual DOAC *100.

The discontinuation rate was calculated as patients discontinuing
treatment divided by patients initiating treatment *100 at
12 months and during the whole study period.

Sensitivity Analysis

- A sensitivity analysis was performed where patients with DOAC
indications other than NVAF recorded in a + 3-months period
around the index date were excluded from the study population.

- For the percentage of overall DOAC discontinuers at 12 months,
a sensitivity analysis was performed taking into account a gap of
60 days.

RESULTS

Between January 1, 2008 and December 31, 2015, 186,405
patients with a diagnosis of NVAF initiated treatment with
DOAG:s in the participating databases (163,017 patients had
NVAF diagnosis only, with no other registered diagnosis for
DOAC indications in their medical record), 63,542 (34%) of
the patients had previous use of VKA (Supplementary Table
§3). Of the total number of patients with a diagnosis of
NVAF, 91,804 (49.2%), 52,495 (28.2%), and 42,106
(22.6%) received rivaroxaban, dabigatran, and apixaban,
respectively (for the number of users in each database see
Supplementary Table S4). The cohort characteristics,
comorbidities, and co-treatments have been described
elsewhere (17).

Adherence to Direct Oral Anticoagulnts

Primary Non-Adherence
Primary non-adherence of all DOACs was 11.1% in the BIFAP

database (2020 prescriptions (p) and 1796 dispensations (d)) and
14.0% in the SIDIAP database (13,906 p; 11,962 d). Primary non-
adherence was 8.6% (557 p; 506 d) and 17.9% (3,321 p; 2,728 d)
for apixaban, 11.4% (492 p; 435 d) and 11.6% (5,399 p; 4,784 d) for
dabigatran, and 11.9% (971 p; 855 d) and 14.2% (5,186 p; 4,450 d)
for rivaroxaban in the BIFAP and SIDIAP databases, respectively.

Persistence Rate

The highest persistence rate for a DOAC at 12 months from
treatment initiation was seen for apixaban in the CPRD database
(81%) and the lowest rate was seen for dabigatran in the
Mondriaan database (22%).

Apixaban had the highest persistence at 12 months in all
databases, except in the Mondriaan and AOK NORDWEST
databases (range: 66% in the SIDIAP database to 81% in the
CPRD database). Dabigatran showed the lowest persistence at
12 months in all databases except in the AOK NORDWEST
database (range: 22% in the Mondriaan database to 70% in the
CPRD database). The crude differences in persistence between
each individual DOAC were statistically significant (log-rank test
p values <0.05) in all databases (Table 2; Figure 1).

The results regarding persistence by the presence of CKD at
baseline by an individual DOAC showed that patients with CKD
had a lower persistence to DOACs than those without CKD
(Figure 2). Results are not available for the Mondriaan database
since no patients with CKD were registered.

Switching Rate

The cumulative switching percentage at 12 months for all DOAC
users ranged from 2.4% in the Mondriaan database to 13.1% in
the EGB database. This percentage for the individual DOACs
ranged from 1.4% for rivaroxaban in the Mondriaan database to
20% for dabigatran in the EGB database (Table 3). Dabigatran
had the highest switching rate at 12 months in all databases. No
differences in the switcher rates in the overall period were
observed among the different age groups, either for all
DOAC:s or by individual DOACs (Supplementary Table S5).

Discontinuation Rate

Cumulative discontinuation rates of DOACs at 12 months ranged
from 16% in the CPRD database to 63.9% in the Bavarian CD
database. The cumulative discontinuation percentage at
12 months ranged from 12.3% for apixaban in the CPRD
database to 69.5% for apixaban in the Bavarian CD database
(Table 3).

Dabigatran had the highest percentage of discontinuers at
12 months in all databases (from 23.2% in the CPRD database to
64.6% in the Mondriaan database), except in the Bavarian CD and
AOK NORDWEST databases, where apixaban and rivaroxaban
had the highest proportion of discontinuers (69.5 and 40.2%,
respectively) (Table 3).

No differences were observed among the different age groups
regarding discontinuation rates during the whole study period,
either overall or by individual type of DOAC. The only exception
was in the 75-79 years age group in the Mondriaan database,
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TABLE 2 | Persistence rates at 3, 6, and 12 months by individual DOACs in each database.

Dabigatran
3m

6m

12m

Apixaban
3m

6m

12m
Rivaroxaban
3m

6m

12m

Log-rank
test

Dabigatran
3m

6m

12m
Apixaban
3m

6m

12m
Rivaroxaban
3m

6m

12m
Log-rank test

Netherlands (Mondriaan)

Germany (AOK NORDWEST)

Germany (Bavarian claims) Spain (BIFAP)

Persistence C195% Number of Persistence Cl1 95% Number of Persistence Cl 95% Number of Persistence (%) Cl95% Number of discontinuers/
(%) discontinuers/number (%) discontinuers/number (%) discontinuers/ number of remaining patients
of remaining patients of remaining patients number of
remaining
patients
56 (46-67) 40/49 87 (86-88) 495/3,370 NA 83 (82-84) 603/2,668
43 (33-53) 51/32 76 (75-77) 929/2,879 NA 74 (72-75) 885/2,144
22 (13 64/13 64 (62 1,383/2,306 NA 62 (60-63) 1,217/1,518
-0.32) -0.65)
69 (57 18/32 83 (82-84) 797/3,717 NA 89 (88-90) 357/2,500
-0.81)
49 (34 2719 65 (63-66) 1,642/2,429 NA 81 (79-82) 571/1884
-0.63)
32 (16-49) 31/6 46 (44-48) 2,138/1,158 NA 70 (69-72) 764/939
60 (54-66) 106/145 84 (83-84) 1920/9,700 NA 86 (85-87) 849/4,576
51 (45-57) 126/99 69 (68-70) 3,566/7,559 NA 78 (77-79) 1,224/3,727
43 (36 140/49 56 (65-57) 4,947/5,266 NA 69 (68 1,600/2,506
-0.49) -0.71)
pending <0.001 <0.001
Spain (SIDIAP) United Kingdom (CPRD) France (EGB) Denmark (DNR)
Persistence (o] Number of Persistence Cl Number of Persistence Cl Number of discontinuers/ Persistence Cl95%  Number of discontinuers/
(%) 95% discontinuers/ (%) 95% discontinuers/ (%) 95% number of remaining patients (%) number left
number of remaining number of remaining
patients patients
75 (74-76) 1,174/3,402 87 (85-89) 147/910 83 (79-86) 73/333 89 (89-90) 2,335/18,929
66 (64-67) 1,674/2,838 79 (76-81) 226/705 73 (68-77) 111/265 77 (77-78) 4,797/14,909
54 (52-55) 2053/1982 70 (67-73) 295/463 61 (56-66) 151/187 62 (61-0.63) 7,659/10,488
84 (83-86) 409/1984 91 (90-93) 152/1,340 87 (83-90) 44/270 93 (93-94) 576/7,640
77 (75-78) 566/1,5631 87 (85-88) 211/943 82 (77-86) 59/187 83 (82-0.84) 139/5,452
66 (64-69) 728/816 81 (79-84) 254/431 71 (65-77) 75/63 68 (67-0.70) 2079/2,491
80 (79-81) 850/3,213 89 (88-90) 339/2,438 83 (81-85) 173/798 92 (92-93) 767/8,416
72 (71-74) 1,141/2,587 84 (83-86) 454/1716 76 (73-78) 244/647 82 (81-83) 1,618/6,023
62 (60-64) 1,453/1,634 78 (76-79) 561/856 67 (64-70) 312/451 64 (64-66) 2,678/3,338
<0.001 <0.001 0.003 <0.001
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FIGURE 1 | Probability of Continuation of individual DOAC in each
database.

where the percentage of discontinuers was very low (10%)
compared to <75years (61.6%) and >80 vyears (70%)
(Supplementary Table S5).

Adherence to Direct Oral Anticoagulnts

Sensitivity Analysis

The analysis performed in users that received DOACs indicated
for treating NVAF and had no other DOAC registered
indications did not differ from the main analysis for switchers
and discontinuers (Supplementary Table S6).

The analysis where a 60-days gap was applied to construct
treatment episodes resulted in a decrease of discontinuation
percentage for all patients compared to the main analysis,
regardless of the type of DOAC used. The overall rates of
DOAC discontinuers at 12 months decreased, ranging from
10.2% in the CPRD database to 37.0% in the Mondriaan
database (for detailed information on the sensitivity analysis
see Supplementary Tables S6-S8 of the Supplementary
Material).

DISCUSSION

This study provides an overview of DOAC adherence in eight
different databases from six European countries. To the best of
our knowledge, this is the first study displaying information on
primary non-adherence and persistence to DOAC treatment in
several European countries at a national or regional level using a
common protocol approach.

Primary non-adherence of all DOACs was 11.1% in the BIFAP
database and 14.0% in the SIDIAP database. Apixaban is the
DOAC with the highest persistence rate and lowest
discontinuation rate at 12 months in all databases except in
the German AOK and Dutch Mondriaan databases.
Dabigatran had the highest proportion of discontinuers and
switchers at 12 months in most databases.

Primary Non-Adherence

Our results on primary non-adherence of all DOACs comparing
two Spanish databases covering different populations are quite
similar to those described in a study performed in the Valencia
region of Spain, with primary non-adherence seen in 11% of all
patients that received a prescription for a DOAC in the BIFAP
database and 14% in the SIDIAP database (Rodriguez-Bernal
et al,, 2018). However, differences were found among individual
DOACs between both databases. Apixaban had the lowest
percentage of primary non-adherence (9%) in the BIFAP
database while it showed the highest percentage (18%) in the
SIDIAP database. The study from Valencia showed high
differences between individual DOACs (from 5% for apixaban
to 16% for rivaroxaban) (Rodriguez-Bernal et al, 2018). The
progressive and lowest implementation, from 2011 in BIFAP, of
the possibility to identify the dispensation linked to the
prescription could explain the differences between BIFAP and
SIDIAP.

Polypharmacy, co-payment, and age were inversely related to
higher primary non-adherence in the study from Valencia
(Rodriguez-Bernal et al.,, 2018). A specific sub-analysis of our
data showed several factors that may influence primary non-
adherence, including which DOAC is prescribed, age, and
diagnosis of CKD, diabetes, hypertension, or stroke/TIA
(Charlton et al., 2021).
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FIGURE 2 | Probability of Continuation of individual DOAC in each database and CKD.
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Persistence Rates

Our results on persistence rates results are in accordance with
what has been shown in other studies (Nelson et al., 2015;
Coleman et al., 2016; ; Mueller et al., 2017). The inclusion
criteria in those studies are similar to ours, even though
that the gap chosen after the end of supply to consider a
drug to be discontinued was wider than ours (90 vs
30 days) in both studies (Nelson et al., 2015; Coleman
et al., 2016).

The observed lower persistence in patients initiating
dabigatran use when compared to patients initiating other
DOACs might be due to reported frequent adverse events

(e.g., dyspepsia or bleeding complications) (Nelson et al., 2015;
Alberts et al, 2016). The need of more frequent dosing for
dabigatran and apixaban compared to rivaroxaban may
explain some differences in the persistence (Nelson et al,
2015; McHorney et al., 2017).

In a published meta-analysis of 36 observational studies the
overall pooled proportion of persistence for all follow-up
duration was 69% for all DOACs, 74% for apixaban, 62% for
dabigatran, and 72% for rivaroxaban. These results are in
accordance with our study as apixaban presented the highest
persistence rate at 12 months and dabigatran the lowest (Ozaki
et al., 2020).
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TABLE 3 | Switchers and discontinuers: all DOAC, by individual DOAC (at 3, 6, 12 months).

All DOACs

Number of switchers related
to any DOACs N2 (%)
Switchers at 1-3 months

N2 (%)

Switchers at 1-6 months

N2 (%)

Switchers at 1-12 months
N° (%)

Number of discontinuers
related to any DOACs N° (%)
Discontinuers at 1-3 months
N2 (%)

Discontinuers at 1-6 months
N2 (%)

Discontinuers at

1-12 months N (%)
Dabigatran

Number of switchers related
to dabigatran N° (%)
Switchers at 1-3 months

N2 (%)

Switchers at 1-6 months

N2 (%)

Switchers at 1-12 months
N2 (%)

Number of discontinuers
related to Dabigatran N (%)
Mean treatment duration
days (SD)

Discontinuers at 1-3 months
N° (%)

Discontinuers at 1-6 months
N2 (%)

Discontinuers at

1-12 months N° (%)
Apixaban

Number of switchers related
to apixaban N° (%)
Switchers at 1-3 months

N2 (%)

Switchers at 1-6 months

N2 (%)

Switchers at 1-12 months
N2 (%)

Number of discontinuers
related to Apixaban N (%)
Mean treatment duration
days (SD)

Discontinuers at 1-3 months
N2 (%)

Discontinuers at 1-6 months
N° (%)

Discontinuers at

1-12 months N (%)

Rivaroxaban
Number of switchers related
to rivaroxaban N (%)

Netherlands
(Mondriaan)

460
11 (2.4%)

10 (2.2%)
10 (2.2%)
11 (2.4%)

241 (52.4%)

165 (35.9%)

203 (44.1%)

235 (51.1%)

99
5 (5.1%)

4 (4.0%)
4 (4.0%)

5 (5.0%)
67 (67.7%)
179.2 (224.2)
40 (40.4%)
50 (50.5%)
64 (64.6%)

72
2 (2.8%)

2 (2.8%)
2 (2.8%)

2 (2.8%)
31 (12.9%)
118.9 (139.6)
19 (26.4%)
27 (37.5%)
31 (43.1%)

Netherlands
(Mondriaan)

289
4 (1.4%)

Denmark
(DNR)

44,876
5,665
(12.6%)
2,914
(6.5%)
3,906
(8.7%)
4,734
(10.5%)
17,795
(39.6%)
3,678
(8.2%)
7,731
(12.2%)
12,316
(27.4%)
23,308
3,942
(16.9%)
1854 (7.9%)

2,452
(10.9%)
3,158
(13.5%)
11,688
(50.1%)

2,335
(10.1%)
4,794
(20.6%)
7,559
(32.4%)
10,358
540 (5.2%)

346 (3.3%)
436 (4.2%)
514 (5.0%)

2,475
(23.9%)

576 (5.6%)

1,319
(12.7%)
2079
(20.1%)
Denmark
(NRD)

11,210
1,183
(10.5%)

Germany
(AOK
NORDWEST)

21,718
3,491 (16.1%)

1,217 (5.6%)
1827 (8.4%)
2,455 (11.3%)
11,170 (51.4%)
3,158 (14.5%)
5,961 (27.4%)
8,435 (38.8%)

3,968
1,126 (28.4%)

351 (8.8%)
531 (13.4%)
708 (17.8%)

2,387 (60,2%)

485 (12.2%)
921 (23.2%)
1,368 (34.5%)

5,460
366 (6.7%)

201 (3.7%)
266 (4.9%)
337 (6.2%)

2,468 (45.2%)

781 (14.3%)
1,525 (27.9%)
2,132 (39.0%)

Germany (AOK
NORDWEST)

12,290
1999 (16.3%)

Germany
(Bavarian
claims)?®

84,276
11,791 (14.0%)

6,176 (7.3%)

7,551 (8.9%)

9,409 (11.2%)
66,905 (79.4%)
32,859 (39.0%)
41,785 (49.6%)
53,857 (63.9%)

14,729
3,923 (26.6%)

1886 (12.8%)
2,347 (15.9%)
2,934 (19.9%)

10,497 (71.3%)

3,850 (26.1%)
4,739 (32.2%)
6,172 (41.9%)

17,339
1,014 (5.8%)

706 (4.1%)
835 (4.8%)
970 (5.9%)

13,691 (79.0%)

7,410 (42.7%)
9,587 (55.3%)
12,060 (69.5%)

Germany
(Bavarian
claims)®
52,208
6,854 (13.1%)

Spain
(BIFAP)

14,161
1,249
(8.8%)
859
(6.1%)
1,000
(7.1%)
1,121
(7.9%)
4,540
(82.1%)
1809
(12.8%)
2,680
(18.9%)
3,612
(25.5%)
3,863
488
(12.6%)
310
(8.0%)
371
(9.6%)
422
(10.9%)
1,615
(41.8%)
3971
(415.2)
603
(16.0%)
885
(23.0%)
1,225
(81.7%)
3,693
197
(5.3%)
148
(4.0%)
170
(4.6%)
191
(5.2%)
846
(23.0%)
236.8
(203.2)
357
(10.0%)
571
(15.5%)
770
(20.8%)
Spain
(BIFAP)

6,605
564
(8.5%)

Adherence to Direct Oral Anticoagulnts

Spain
(SIDIAP)

11,962
753 (6.3%)

393 (3.3%)
485 (4.0%)
606 (5.1%)

5,451
(45.6%)
2,433
(20.3%)
3,281
(27.4%)
4,234
(35.4%)
4,784
457 (9.5%)

218 (4.5%)
272 (5.7%)
352(7.3%)

2,798
(58,5%)
4431
(438.4)
1,174
(24.5%)
1,574
(32.9%)
2053
(42.9%)
2,728
75 (2.7%)

47 (1.7%)
57 (2.1%)
67 (2.4%)

848
(31.1%)
266.3
(214.7)
409
(15.0%)
566
(20,7%)
728
(26.7%)
Spain
(SIDIAP)

4,450
221 (5.0%)

United Kingdom France
(CPRD) (EGB)
6,931 2021
457 (6.6%) 312
(15.4%)
294 (4.2%) 172
(8.5%)
363 (5.2%) 219
(10.8%)
417 (6.0%) 263
(13.1%)
1,228 (17.7%) 621
(30.7%)
638 (9.2%) 290
(14.3%)
888 (12.8%) 414
(20.5%)
1,109 (16.0%) 538
(26.6%)
1,265 479
183 (14.5%) 120
(25.0%)
105 (8.3%) 54
(11.3%)
139 (11.0%) 72
(15.0%)
161 (12.7%) 96
(20.0%)
353 (27.9%) 184
(38.4%)
348.2 (328.5) 360.4
(337.5)
146 (11.5%) 73
(15.2%)
225 (17.8%) 111
(23.2%)
294 (23.2%) 151
(31.5%)
2060 396
58 (2.8%) 27 (6.8%)
41 (2.0%) 22 (5.6%)
48 (2.3%) 27 (6.8%)
54 (2.6%) 27 (6.8%)
269 (13.1%) 76
(19.2%)
217.2 (193.9) 199.8
(157.1)
152 (7.4%) 44
(11.1%)
210 (10.2%) 59
(14.9%)
254 (12.3%) 75
(18.9%)
United Kingdom France
(CPRD) (EGB)
3,606 1,146
216 (6.0%) 165
(14.4%)

(Continued on following page)
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TABLE 3 | (Continued) Switchers and discontinuers: all DOAC, by individual DOAC (at 3, 6, 12 months).

Netherlands Denmark Germany
(Mondriaan) (DNR) (AOK

NORDWEST)

Switchers at 1-3 months 3 (1.1%) 714 (6.4%) 665 (5.4%)

N (%)

Switchers at 1-6 months 3 (1.1%) 928 (8.3%) 1,030 (8.4%)

N (%)

Switchers at 1-12 months 4 (1.4%) 1,062 1,410 (11.5%)

N2 (%) (9.5%)

Number of discontinuers 143 (51.3%) 3,632 6,315 (51,4%)

related to any rivaroxaban (32.4%)

N° (%)

Mean treatment duration 177.7 (199.2)

days (SD)

Discontinuers at 1-3 months 106 (38.0%) 767 (6.8%) 1892 (15.4%)

N (%)

Discontinuers at 1-6 months 126 (45.2%) 1,618 3,615 (28.6%)

N (%) (14.4%)

Discontinuers at 140 (50.2%) 2,678 4,935 (40.2%)

1-12 months No (%) (23.9%)

Germany Spain Spain United Kingdom France
(Bavarian (BIFAP) (SIDIAP) (CPRD) (EGB)
claims)®
3,612 (6.9%) 401 128 (2.9%) 148 (4.1%) 96 (8.3%)
(6.1%)
4,369 (8.3%) 459 156 (3.5%) 176 (4.9%) 120
(7.0%) (10.5%)
5,505 (10.5%) 508 187 (4.2%) 202 (5.6%) 140
(7.7%) (12.2%)
42,717 (81.8%) 2079 1805 606 (16.8%) 361
(31.5%) (40.5%) (31.5%)
342.1 339.2 246.7 (235.8) 362.5
(322.4) (313.9) (333.2)
21,599 (41.4%) 849 850 340 (9.4%) 173
(13.0%) (19.1%) (15.1%)
27,459 (52.6%) 1,224 1,141 453 (12.6%) 244
(19.0%) (25.6%) (21.3%)
35,625 (68.2%) 1,617 1,453 561 (15.5%) 312
(24.0%) (32.6%) (27.2%)

4In the Bavarian databases due to the quarterly definition, an interruption of one quarter could not necessarily mean a termination of the therapy in all cases.

Switching Rates

In other published studies, the switching percentage was higher
for dabigatran (17.0-24.7%) compared to rivaroxaban
(14.3-17.6%) (Hellfritzsch et al., 2017; Maura et al.,, 2017),
which is consistent with our results. Moreover, the special
precaution or contraindication of use of DOACs in patients
with different levels of renal impairment could also help
explain either the switch in some cases or the discontinuation
in others. In addition, the ARISTOTLE trial publication showed
that apixaban had less risk of bleeding than warfarin which could
have favored the higher switching to apixaban (Granger et al,
2011).

The switching percentages at 12 months for each one of the
DOAGC:s in the EGB, DNR, and CPRD databases in our study are
slightly different (ranged from 2.6 to 20%) than those observed in
other studies performed in France, Denmark, and the
United Kingdom (Durham et al, 2017; Hellfritzsch et al,
2017; Maura et al, 2017) (ranged from 24.7 to 7%). In the
French study, the switchers were defined as patients who had
at least one reimbursement for VKA or for a DOAC that was
different from the one initially received. This definition was
different from our study (Maura et al, 2017). In the Danish
study, using the Danish National Prescription Registry
(Hellfritzsch et al, 2017), the different exclusion criteria
(excluding those patients with a history of valvular atrial
fibrillation) in our study may explain the difference. In the
published study using the CPRD database the inclusion
criteria were different as they included new oral anticoagulants
and DOAC users (Durham et al., 2017). In these three studies, as
well as in ours, dabigatran was the DOAC with the highest
percentage of switchers, maybe because it was poorly tolerated
in some patients (Connolly et al., 2009).

An observational retrospective Dutch study using pharmacy
dispensing data from the Foundation of Pharmaceutical Statistics
(SFK) showed that 31% of incident DOAC users with atrial

fibrillation (valvular atrial fibrillation included) switched to
another anticoagulant at 12 months, with the majority
switching to a VKA (67%), while 34% had discontinued at
12 months (Zielinski et al., 2019). In our study, the Mondriaan
database showed a lower switching percentage and had the lowest
switching percentages compared to the other databases. Perhaps
the exclusion of the valvular atrial fibrillation, the lowest
population coverage and the inclusion of specialist dispensing
in the SFK may explain these differences (Smeets et al., 2018).

Discontinuation Rate

Regarding the discontinuation percentages, the information that
has emerged from the pivotal clinical trials is diverse. The
discontinuation percentage at 12 months was 15.5% for
dabigatran (Connolly al, 2009). For apixaban, the
discontinuation percentage during the study period was 25.3%
(34) and the percentage of stopped treatments during the study
period for rivaroxaban was 23.7% (Patel et al., 2011). We have to
mention that the exclusion criteria in these clinical trials were
wider than those in our study.

Other studies performed in Germany and Denmark (regional
and nationwide registries, respectively) (Beyer-Westendorf et al.,
2015; Hellfritzsch et al., 2017) showed discontinuation rates at
12 months of 15% for new users of rivaroxaban in the German
study and 15.5% of dabigatran users to 11.4% of apixaban users in
the Danish study. Both studies included patients with atrial
fibrillation without excluding those with diagnoses of cardiac
valvular disease, and both included naive patients and patients
switching from VKA. However, the German study may reflect a
selected population of moderate-high risk patients, which may
explain the observed differences. In the Danish study, the allowed
gap for discontinuation was 60 days, which is similar to the one
used in our sensitivity analysis. As expected, the results of our
sensitivity analysis for the Danish database decreased the
percentage of discontinuers and were more similar to those of
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the referenced studies. The different proportion of patients with
previous use of VKA included in the German and Danish studies
(Beyer-Westendorf et al., 2015; Hellfritzsch et al., 2017) and the
differences in the inclusion criteria might explain some of the
divergences. In addition in the Bavarian databases due to the
quarterly definition, an interruption of one quarter could not
necessarily mean a termination of the therapy in all cases (e.g.,
two prescriptions were prescribed in one quarter and then a
quarter was skipped).

Bleeding complications and the changes in underlying disease
severity (e.g., restoration of sinus rhythm) have been found to be
the main reason for DOAC discontinuation (Beyer-Westendorf
etal., 2015; Hellfritzsch et al., 2017). Unfortunately, these data are
not available in our study, but the high proportion of
discontinuers warns us that we must be aware of these cases
in clinical practice.

The different approval dates for each DOAC (dabigatran was
the first DOAC to be approved and apixaban is the more recent)
could play a role in interpreting these results since older drugs
might have a higher probability of being either switched or
discontinued to new ones (Ibdnez et al., 2019). Moreover the
variability in approval dates for each DOAC can translate into
patterns of use in the post-approval period that may vary over
time (Nelson et al., 2015).

Knowledge on the clinical consequences of either switching or
discontinuation of DOACs has been estimated in a post hoc
analysis of the pivotal trials in which it was associated with an
increase in bleeding and thromboembolism (Patel et al., 2013;
Granger et al., 2015). Furthermore, in a Swedish observational
study non-persistence and poor adherence were both associated
with increased stroke risk [non-persistence adjusted odds ratio
(aOR): 2.05 (Komen et al., 2020).

Strengths and Limitations
The main strength is the use of eight databases that provided a
large amount of real-world adherence data about patients
receiving new DOAC prescriptions in six European countries.
Common protocol and data specifications were used by all
participants, with consistent inclusion and exclusion criteria for
users, operational case definitions, and common analytical
procedures in order to minimize methodological discrepancies
as much as possible and facilitate comparison of results across
data sources. In addition, results were blinded and shared with the
whole consortium only after each center had completed their
analysis, avoiding some information bias and promoting
independent results. Moreover, the results of the sensitivity
analysis excluding the users with other indications than NVAF
were not different from the main analysis for switchers and
discontinuers. This suggests that the analysis with the whole
included population is representative of DOAC use for NVAF.
Primary non-adherence has been shown to predict health
outcomes (Jackevicius et al, 2017; Rodriguez-Bernal et al,
2018). Therefore it is important to have information about
primary non-adherence. Our results could be useful as an
approximation of the percentage of non-dispensed
prescriptions when databases have only dispensing data
(Rodriguez-Bernal et al., 2018). Unfortunately, in the present
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study, this information was only available for two databases
(BIFAP and SIDIAP).

In terms of limitations, we should first mention that validation
of adherence to the first prescription, discontinuation, or
switching through confirmation by physicians, patients, or
clinical history notes was not performed. It could happen that
follow-up censoring precluded us from knowing the real
continuation of the patient treatment in other institutions
(e.g., hospitals, nursing homes). Secondly, first prescriptions
issued in the specialist setting were not included for Spain, the
Netherlands, and the United Kingdom, leading to a potential
underestimation of the real-time lapsed from treatment initiation.

The assumption of the permissible days between prescriptions
and reimbursements to assume continuity (30-days gap) could
have affected the estimation of discontinuation and switching
proportions (Simons et al,, 2016). In the sensitivity analysis,
taking into account a permissible gap of 60 days, the
discontinuation percentage decreased for all DOACs and each
individual drug. Overlapping prescriptions or dispensations were
not taken into account which could also have affected these
measures.

In addition, inherent differences in the coding systems used in
the databases may also have created differences in capturing the
diagnosis of NVAF although efforts have been made to unify the
different code systems. Despite the fact that codes had not been
validated in this study, outcome validation has been performed in
other studies showing high validity (Ibafez et al., 2019).
Information on the indication associated with the prescription
might be incomplete since definite linkage between compound
and indication is lacking in most of the databases (Ibafiez et al.,
2019).

Differences in the database characteristics such as population
and drug coverage (DNR is the only national database),
prescription or dispensing databases, and reimbursement
conditions over time could partly explain the observed
differences among databases (Ibafiez et al., 2019). Additionally,
each country has different health policies, national prescribing
guidelines, and prescription patterns, which, among other
intrinsic characteristics of the populations and their lifestyle,
may contribute to the variability of results among the
databases (Komen et al., 2017; Vlahovi¢-Palcevski et al., 2016).

Our results suggest that adherence multifaceted interventions
such as counseling or daily treatment support are needed and
should be systematically encouraged at the DOAC initiation and
repeatedly throughout the course of therapy (Vrijens B, 2016),
although evidence of the interventions effects are inconsistent
from study to study, and only a minority of controlled studies
show an improvement on both adherence and clinical outcomes.
Adherence is acknowledged as a complex behavior. Current
methods of improving medication adherence for chronic
health problems are mostly complex and not very effective, so
that the full benefits of treatment cannot be realized (Nieuwlaat
et al,, 2014). There is a need for further research and education to
improve future DOAC utilization.

This is a cross-national comparison study using real-world
longitudinal data collected in eight European electronic health
care databases.
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There were differences in the adherence characteristics and
individual DOACs. The variations among database results
might be explained by their characteristics, differences in
national guidelines prescription pattern diversity, and the
demographic characteristics of the population included.
However, the overall adherence findings throughout the
databases point to a common direction with a consistent
similar pattern.

The high discontinuation percentage observed in several
countries (more than 50%) and the persistence rates varying
from 22 to 81% between centers will require a detailed analysis of
reasons and consequences of the prophylaxis of cerebrovascular
events in patients with NVAF and whether DOAC treatment
results in better outcomes.

DATA AVAILABILITY STATEMENT

The data analyzed in this study was obtained from the following
databases: Julius General Practitioner Network (JHN), Danish
National Registries (DNR), AOK NORDWEST database,
Bavarian Association of Statutory Health Insurance Physicians
database, base de datos para la  Investigacién
Farmacoepidemioldgica en Atenciéon Primaria (BIFAP),
Information System for Development of Research in Primary
Care (SIDIAP), Clinical Practice Research Datalink (CPRD),
Echantillon Généraliste de Bénéficiaires (EGB). Information on
whom to contact with requests to access these datasets should be
directed to EUPEPV@uu.nl.

AUTHOR CONTRIBUTIONS

LI and MS participated in the conception and design,
interpretation of data, and writing the paper. XV and EB
participated in the design, data analysis of SIDIAP database.
MR participated in the design, data analysis of Bavarian
database. SS and BG participated in the design, data analysis
of AOK Nordwest database. CH, EM, DM and LL-M
participated in the design, data analysis of BIFAP database.
CG participated in the conception and design, interpretation of
data. NM, CD and RL participated in the design, data analysis
of EGB database. MAa, MAn and MD participated in the
design, data analysis of DNR data. HG and PS participated
in the design, data analysis of Mondrian and CPRD databases.

REFERENCES

Alberts, M. ], Peacock, W. E, Fields, L. E., Bunz, T. J., Nguyen, E., Milentijevic, D., et al.
(2016). Association between once- and Twice-Daily Direct Oral Anticoagulant
Adherence in Nonvalvular Atrial Fibrillation Patients and Rates of Ischemic Stroke.
Int. J. Cardiol. 215, 11-13. doi:10.1016/j.jcard.2016.03.212

Bai, Y., Shantsila, A, Lip, G. Y. H., and Lip, G. Y. H. (2017). Response by Bai et al to
Letter Regarding Article, "Rivaroxaban Versus Dabigatran or Warfarin in Real-
World Studies of Stroke Prevention in Atrial Fibrillation: Systematic Review
and Meta-Analysis". Stroke 48, e149-976. doi:10.1161/
STROKEAHA.116.01627510.1161/STROKEAHA.117.017460

Adherence to Direct Oral Anticoagulnts

All authors contributed to, reviewed and approved the final
version of the manuscript. OK and HG coordinated the whole
project.

ACKNOWLEDGMENTS

The research leading to these results was conducted as part of the
activities of the PE-PV Consortium (Pharmacoepidemiology and
Pharmacovigilance Consortium), which is a public academic
partnership coordinated by the University of Utrecht. The
project has received support from the European Medicines
Agency under the Framework service contract (nr EMA/2015/
27/PH) with regard to the reopening of competition no. 3. K.
Janhsen (Witten/Herdecke University, Alfred-Herrhausen-Strafle
50, 58448 Witten, Germany (UW/GH)) and A. Heeke (AOK
NORDWEST, Kopenhagener Strale 1, 44269 Dortmund,
Germany). R. Gerlach and M. Tauscher (National Association
of Statutory Health Insurance Physicians of Bavaria,
Elsenheimerstr. 39, MD-80687 Munich, Germany). The authors
from the BIFAP database would like to acknowledge the excellent
collaboration of the primary care general practitioners and
pediatricians, and also the support of the regional governments
to the database. This study is based in part on data from the ‘base de
datos para la investigacion Farmacoepidemioldgica en Atencién
Primaria’ (BIFAP) fully financed by the Spanish Agency on
Medicines and Medical Devices (AEMPS). The views and
opinions expressed in this article are those of the authors and
do not necessarily reflect the official policy or position of the EMA
(European Medicines Agency) or one of its committees or working
parties, or AEMPS (Agencia Espaiola de Medicamentos y
Productos Sanitarios). The authors thank Alethea Charlton for
her support reviewing and editing the English. The authors thank
SIDIAP (Sistema d’informaci6 per al Desenvolupament de
Investigacié en Atencié Primaria) for providing the data with
respect to CPRD, approval of the study protocol was granted by
the Independent Scientific Advisory Committee of the Medicines
and Healthcare Products Regulatory Agency (protocol 17_089R).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.682890/
full#supplementary-material

Beyer-Westendorf, J., Forster, K., Ebertz, F., Gelbricht, V., Schreier, T., Gobelt, M.,
et al. (2015). Drug Persistence with Rivaroxaban Therapy in Atrial Fibrillation
Patients-Results from the Dresden Non-interventional Oral Anticoagulation
Registry. Europace 17 (4), 530-538. doi:10.1093/europace/euv42110.1093/
europace/euu319

Bezin, J., Duong, M., Lassalle, R., Droz, C., Pariente, A., Blin, P., et al. (2017). The
National Healthcare System Claims Databases in France, SNIIRAM and EGB:
Powerful Tools for Pharmacoepidemiology. Pharmacoepidemiol. Drug Saf. 26,
954-962. doi:10.1002/pds.4233

Charlton, A., Vidal, X,, Sabaté, M., Ballarin, E., Leguizamo Martinez, L. M., and
Ibanez, L. (2021). FActors Associated with Primary Nonadherence to Newly
Initiated Direct Oral Anticoagulants in Patients with Nonvalvular Atrial

Frontiers in Pharmacology | www.frontiersin.org

November 2021 | Volume 12 | Article 682890


https://www.frontiersin.org/articles/10.3389/fphar.2021.682890/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.682890/full#supplementary-material
https://doi.org/10.1016/j.ijcard.2016.03.212
https://doi.org/10.1161/STROKEAHA.116.01627510.1161/STROKEAHA.117.017460
https://doi.org/10.1161/STROKEAHA.116.01627510.1161/STROKEAHA.117.017460
https://doi.org/10.1093/europace/euv42110.1093/europace/euu319
https://doi.org/10.1093/europace/euv42110.1093/europace/euu319
https://doi.org/10.1002/pds.4233
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Sabaté et al.

Fibrillation. J. Manag. Care Specialty Pharm. 27 (9), 1210-1220. (in press).
doi:10.18553/jmcp.2021.27.9.1210

Coleman, C. I, Tangirala, M., and Evers., T. (2016). Treatment Persistence and
Discontinuation with Rivaroxaban, Dabigatran, and Warfarin for Stroke
Prevention in Patients with Non-valvular Atrial Fibrillation in the
United States. PLoS ONE 11 (6), €0157769. doi:10.1371/
journal.pone.0157769

Connolly, S. J., Ezekowitz, M. D., Yusuf, S., Eikelboom, J., Oldgren, J., Parekh, A.,
et al. (2009). Dabigatran versus Warfarin in Patients with Atrial Fibrillation. N.
Engl. ]. Med. 361 (12), 1139-1151. doi:10.1056/NEJM0a0905561

de Abajo, F. ], Gil, M. ], Bryant, V., Timoner, J., Oliva, B., Garcia-Rodriguez, L. A.,
et al. (2013). Upper Gastrointestinal Bleeding Associated with NSAIDs, Other
Drugs and Interactions: a Nested Case-Control Study in a New General Practice
Database. Eur. J. Clin. Pharmacol. 69 (3), 691-701. doi:10.1007/s00228-012-
1386-3

Di Minno, A., Spadarella, G., Tufano, A., Prisco, D., and Di Minno, G. (2014).
Ensuring Medication Adherence with Direct Oral Anticoagulant Drugs:
Lessons from Adherence with Vitamin K Antagonists (VKAs). Thromb. Res.
133 (5), 699-704. doi:10.1016/j.thromres.2014.01.016

Durham, T. A., Hassmiller Lich, K., Viera, A. J., Fine, J. P., Mukherjee, J.,
Weinberger, M., et al. (2017). Utilization of Standard and Target-specific
Oral Anticoagulants Among Adults in the United Kingdom with Incident
Atrial Fibrillation. Am. J. Cardiol. 120, 1820-1829. doi:10.1016/
j.amjcard.2017.07.091

M. Elseviers, B. Wettermark, A. B. Almarsdottir, M. Andersen, R. Benko,
M. Bennie, (Editors) (2016). “An Introduction to Adherence
Research,” in Drugs Utilization Research Methods An Applications
(Hoboken, NJ: Wiley Blackwell), 355-360.

EMA (2015). Praxbind. Available at: https://www.ema.europa.eu/en/medicines/
human/EPAR/praxbind (Accessed February 18, 2021).

EMA (2019). Ondexxya. Available at: https://www.ema.europa.eu/en/medicines/
human/EPAR/ondexxya (Accessed October 15, 2021).

EU PAS Register (2015). The European Union electronic Register of Post-
Authorisation Studies (EU PAS Register). Available at: http://www.encepp.
eu/encepp/studiesDatabase.jsp (Accessed January 12, 2021).

Forslund, T., Wettermark, B., and Hjemdahl, P. (2016). Comparison of Treatment
Persistence with Different Oral Anticoagulants in Patients with Atrial
Fibrillation. Eur. J. Clin. Pharmacol. 72 (3), 329-338. doi:10.1007/s00228-
015-1983-z

Garcia-Gil, M. d. M., Hermosilla, E., Prieto-Alhambra, D., Fina, F., Rosell, M.,
Ramos, R, et al. (2011). Construction and Validation of a Scoring System for
the Selection of High-Quality Data in a Spanish Population Primary Care
Database (SIDIAP). jhi 19 (3), 135-145. doi:10.14236/jhi.v19i3.806

Gardarsdottir, H., Souverein, P. C., Egberts, T. C., and Heerdink, E. R. (2010).
Construction of Drug Treatment Episodes from Drug-Dispensing Histories Is
Influenced by the Gap Length. J. Clin. Epidemiol. 63 (4), 422-427. doi:10.1016/
jjclinepi.2009.07.001

Giner-Soriano, M., Vedia Urgell, C., Roso-Llorach, A., Morros, R., Capella, D.,
Castells, X., et al. (2016). Effectiveness, Safety and Costs of Thromboembolic
Prevention in Patients with Non-valvular Atrial Fibrillation: Phase I ESC-FA
Protocol Study and Baseline Characteristics of a Cohort from a Primary Care
Electronic Database. BMJ Open 6 (1), €010144. doi:10.1136/bmjopen-2015-
010144

Granger, C. B., Alexander, J. H., McMurray, J. J., Lopes, R. D., Hylek, E. M., Hanna,
M, et al. (2011). Apixaban versus Warfarin in Patients with Atrial Fibrillation.
N. Engl. J. Med. 365 (11), 981-992. doi:10.1056/NEJMo0al1107039

Granger, C. B, Lopes, R. D., Hanna, M., Ansell, J., Hylek, E. M., Alexander, J. H.,
etal. (2015). Clinical Events after Transitioning from Apixaban versus Warfarin
to Warfarin at the End of the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) Trial. Am. Heart
J. 169 (1), 25-30. doi:10.1016/j.ahj.2014.09.006

Hanemaaijer, S., Sodihardjo, F., Horikx, A., Wensing, M., De Smet, P. A., Bouvy, M.
L., et al. (2015). Trends in Antithrombotic Drug Use and Adherence to Non-
vitamin K Oral Anticoagulants in the Netherlands. Int. J. Clin. Pharm. 37 (6),
1128-1135. doi:10.1007/s11096-015-0174-4

Hellfritzsch, M., Husted, S. E., Grove, E. L., Rasmussen, L., Poulsen, B. K., Johnsen,
S. P, et al. (2017). Treatment Changes Among Users of Non-vitamin K

et al

Adherence to Direct Oral Anticoagulnts

Antagonist Oral Anticoagulants in Atrial Fibrillation. Basic Clin. Pharmacol.
Toxicol. 120 (2), 187-194. doi:10.1111/bcpt.12664

Helmy, R., Zullig, L. L., Dunbar-Jacob, J., Hughes, D. A, Vrijens, B., Wilson, I. B.,
et al. (2017). ESPACOMP Medication Adherence Reporting Guidelines
(EMERGE): A Reactive-Delphi Study Protocol. BMJ Open 7 (2), €013496.
doi:10.1136/bmjopen-2016-013496

Herrett, E., Gallagher, A. M., BHaskaran, K., Forbes, H., Mathur, R,, van Staa, T.,
et al. (2015). Data Resource Profile: Clinical Practice Research Datalink
(CPRD). Int. J. Epidemiol. 44 (3), 827-836. doi:10.1093/ije/dyv098

Hoffmann, F., and Koller, D. (2015). Verschiedene Regionen, Verschiedene
Versichertenpopulationen? Soziodemografische Und Gesundheitsbezogene
Unterschiede Zwischen Krankenkassen. Gesundheitswesen 79 (01), el-e9.
doi:10.1055/s-0035-1564074

Ibanez, L., Sabaté, M., Vidal, X., Ballarin, E., Rottenkolber, M., Schmiedl, S., et al.
(2019). Incidence of Direct Oral Anticoagulant Use in Patients with
Nonvalvular Atrial Fibrillation and Characteristics of Users in 6 European
Countries (2008-2015): A Cross-national Drug Utilization Study. Br. J. Clin.
Pharmacol. 85 (11), 2524-2539. doi:10.1111/bcp.14071

Jackevicius, C. A., Tsadok, M. A., Essebag, V., Atzema, C., Eisenberg, M. ], Tu,J. V.,
et al. (2017). Early Non-persistence with Dabigatran and Rivaroxaban in
Patients with Atrial Fibrillation. Heart 103 (17), 1331-1338. doi:10.1136/
heartjnl-2016-310672

Jaunzeme, J., Eberhard, S., and Geyer, S. (2013). Wie “reprasentativ" Sind GKV-
Daten?. Bundesgesundheitsbl. 56 (3), 447-454. doi:10.1007/s00103-012-1626-9

Johnson, M. E., Lefévre, C., Collings, S. L., Evans, D., Kloss, S., Ridha, E., et al.
(2016). Early Real-World Evidence of Persistence on Oral Anticoagulants for
Stroke Prevention in Non-valvular Atrial Fibrillation: A Cohort Study in UK
Primary Care. BM] Open 6 (9), e011471. doi:10.1136/bmjopen-2016-011471

Kildemoes, H. W., Sorensen, H. T., and Hallas, J. (2011). The Danish National
Prescription Registry. Scand. J. Public Health 39 (7 Suppl. 1), 38-41. d0i:10.1177/
1403494810394717

Kirchhof, P., Benussi, S., Kotecha, D., Ahlsson, A., Atar, D., Casadei, B., et al.
(2016). 2016 ESC Guidelines for the Management of Atrial Fibrillation
Developed in Collaboration with EACTS. Eur. Heart J. 37 (38), 2893-2962.
doi:10.1093/eurheartj/ehw210

Komen, J., Forslund, T., Hjemdahl, P., Andersen, M., and Wettermark, B. (2017).
Effects of Policy Interventions on the Introduction of Novel Oral
Anticoagulants in Stockholm: An Interrupted Time Series Analysis. Br.
J. Clin. Pharmacol. 83 (3), 642-652. doi:10.1111/bcp.13150

Komen, J. J., Heerdink, E. R, Klungel, O. H., Mantel-Teeuwisse, A. K., Forslund, T,
Wettermark, B., et al. (2020). Long-Term Persistence and Adherence with Non-
vitamin K Oral Anticoagulants in Patients with Atrial Fibrillation and Their
Associations with Stroke Risk. Eur. Heart J. Cardiovasc. Pharmacother. 7,
72-£80. doi:10.1093/ehjcvp/pvaa0l7

Martinez, C., Katholing, A., Wallenhorst, C., and Freedman, S. B. (2016). Therapy
Persistence in Newly Diagnosed Non-valvular Atrial Fibrillation Treated with
Warfarin or NOAC. A Cohort Study. Thromb. Haemost. 115 (1), 31-39.
doi:10.1160/TH15-04-0350

Maura, G., Pariente, A., Alla, F., and Billionnet, C. (2017). Adherence with Direct
Oral Anticoagulants in Nonvalvular Atrial Fibrillation New Users and
Associated ~ Factors: A French  Nationwide = Cohort  Study.
Pharmacoepidemiol. Drug Saf. 26 (11), 1367-1377. d0i:10.1002/pds.4268

Maura, G,, Billionnet, C., Alla, F., Gagne, ]. J., and Pariente, A. (2018). Comparison
of Treatment Persistence with Dabigatran or Rivaroxaban versus Vitamin K
Antagonist Oral Anticoagulants in Atrial Fibrillation Patients: A Competing
Risk Analysis in the French National Health Care Databases. Pharmacotherapy
38 (1), 6-18. doi:10.1002/phar.2046

McHorney, C. A., Ashton, V., Laliberté, F., Germain, G., Wynant, W., Crivera, C.,
et al. (2017). Adherence to Rivaroxaban Compared with Other Oral
Anticoagulant Agents Among Patients with Nonvalvular Atrial Fibrillation.
J. Manag. Care Spec. Pharm. 23 (9), 980-988. doi:10.18553/jmcp.2017.23.9.980

Mehring, M., Donnachie, E., Schneider, A., Tauscher, M., Gerlach, R,, Storr, C,,
etal. (2017). Impact of Regional Socioeconomic Variation on Coordination and
Cost of Ambulatory Care: Investigation of Claims Data from Bavaria, Germany.
BM] Open 7 (10), €016218. doi:10.1136/bmjopen-2017-016218

Mueller, T., Alvarez-Madrazo, S., Robertson, C., and Bennie, M. (2017). Use of
Direct Oral Anticoagulants in Patients with Atrial Fibrillation in Scotland:

Frontiers in Pharmacology | www.frontiersin.org

13

November 2021 | Volume 12 | Article 682890


https://doi.org/10.18553/jmcp.2021.27.9.1210
https://doi.org/10.1371/journal.pone.0157769
https://doi.org/10.1371/journal.pone.0157769
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1007/s00228-012-1386-3
https://doi.org/10.1007/s00228-012-1386-3
https://doi.org/10.1016/j.thromres.2014.01.016
https://doi.org/10.1016/j.amjcard.2017.07.091
https://doi.org/10.1016/j.amjcard.2017.07.091
https://www.ema.europa.eu/en/medicines/human/EPAR/praxbind
https://www.ema.europa.eu/en/medicines/human/EPAR/praxbind
https://www.ema.europa.eu/en/medicines/human/EPAR/ondexxya
https://www.ema.europa.eu/en/medicines/human/EPAR/ondexxya
http://www.encepp.eu/encepp/studiesDatabase.jsp
http://www.encepp.eu/encepp/studiesDatabase.jsp
https://doi.org/10.1007/s00228-015-1983-z
https://doi.org/10.1007/s00228-015-1983-z
https://doi.org/10.14236/jhi.v19i3.806
https://doi.org/10.1016/j.jclinepi.2009.07.001
https://doi.org/10.1016/j.jclinepi.2009.07.001
https://doi.org/10.1136/bmjopen-2015-010144
https://doi.org/10.1136/bmjopen-2015-010144
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1016/j.ahj.2014.09.006
https://doi.org/10.1007/s11096-015-0174-4
https://doi.org/10.1111/bcpt.12664
https://doi.org/10.1136/bmjopen-2016-013496
https://doi.org/10.1093/ije/dyv098
https://doi.org/10.1055/s-0035-1564074
https://doi.org/10.1111/bcp.14071
https://doi.org/10.1136/heartjnl-2016-310672
https://doi.org/10.1136/heartjnl-2016-310672
https://doi.org/10.1007/s00103-012-1626-9
https://doi.org/10.1136/bmjopen-2016-011471
https://doi.org/10.1177/1403494810394717
https://doi.org/10.1177/1403494810394717
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1111/bcp.13150
https://doi.org/10.1093/ehjcvp/pvaa017
https://doi.org/10.1160/TH15-04-0350
https://doi.org/10.1002/pds.4268
https://doi.org/10.1002/phar.2046
https://doi.org/10.18553/jmcp.2017.23.9.980
https://doi.org/10.1136/bmjopen-2017-016218
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Sabaté et al.

Applying a Coherent Framework to Drug Utilisation Studies.
Pharmacoepidemiol. Drug Saf. 26 (11), 1378-1386. doi:10.1002/pds.4272
Nelson, W. W,, Song, X., Thomson, E., Smith, D. M., Coleman, C. I., Damaraju, C.
V., et al. (2015). Medication Persistence and Discontinuation of Rivaroxaban
and Dabigatran Etexilate Among Patients with Non-valvular Atrial Fibrillation.
Curr. Med. Res. Opin. 31 (10), 1831-1840. doi:10.1185/03007995.2015.1074064

Nieuwlaat, R., Wilczynski, N., Navarro, T., Hobson, N., Jeffery, R., Keepanasseril,
A, etal. (2014). Interventions for Enhancing Medication Adherence. Cochrane
Database Syst. Rev. 2014 (11), CD000011. doi:10.1002/
14651858.CD000011.pub4

Ozaki, A. F,, Choi, A. S., Le, Q. T., Ko, D. T., Han, J. K,, Park, S. S, et al. (2020).
Real-World Adherence and Persistence to Direct Oral Anticoagulants in
Patients with Atrial Fibrillation: A Systematic Review and Meta-Analysis.
Circ. Cardiovasc. Qual. Outcomes 13 (3), €005969. doi:10.1161/
CIRCOUTCOMES.119.005969

Patel, M. R., Mahaffey, K. W., Garg, J., Pan, G., Singer, D. E., Hacke, W., et al.
(2011). Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation. N.
Engl. J. Med. 365 (10), 883-891. doi:10.1056/NEJMo0al009638

Patel, M. R, Hellkamp, A. S., Lokhnygina, Y., Piccini, J. P., Zhang, Z., Mohanty, S.,
et al. (2013). Outcomes of Discontinuing Rivaroxaban Compared with
Warfarin in Patients with Nonvalvular Atrial Fibrillation: Analysis from the
ROCKET AF Trial (Rivaroxaban Once-Daily, Oral, Direct Factor Xa Inhibition
Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism
Trial in Atrial Fibrillation). . Am. Coll. Cardiol. 61 (6), 651-658. doi:10.1016/
j.jacc.2012.09.057

Proietti, M., Romanazzi, I., Romiti, G. F., Farcomeni, A., and Lip, G. Y. H. (2018).
Real-World Use of Apixaban for Stroke Prevention in Atrial Fibrillation: A
Systematic Review and Meta-Analysis. Stroke 49 (1), 98-106. doi:10.1161/
STROKEAHA.117.018395

Rodriguez, R. A., Carrier, M., and Wells, P. S. (2013). Non-Adherence to New Oral
Anticoagulants: A Reason for Concern during Long-Term Anticoagulation?.
J. Thromb. Haemost. 11 (2), 390-394. doi:10.1111/jth.12086

Rodriguez-Bernal, C. L., Peird, S., Hurtado, I., Garcia-Sempere, A., and Sanfélix-
Gimeno, G. (2018). Primary Nonadherence to Oral Anticoagulants in Patients
with Atrial Fibrillation: Real-World Data from a Population-Based Cohort.
J. Manag. Care Spec. Pharm. 24 (5), 440-448. doi:10.18553/jmcp.2018.24.5.440

Schmidt, M., Pedersen, L., and Serensen, H. T. (2014). The Danish Civil
Registration System as a Tool in Epidemiology. Eur. J. Epidemiol. 29 (8),
541-549. doi:10.1007/s10654-014-9930-3

Schmidt, M., Schmidt, S. A., Sandegaard, J. L., Ehrenstein, V., Pedersen, L., and
Serensen, H. T. (2015). The Danish National Patient Registry: A Review of
Content, Data Quality, and Research Potential. Clin. Epidemiol. 7, 449-490.
doi:10.2147/CLEP.S91125

Simons, L. A., Ortiz, M., Freedman, S. B., Waterhouse, B. J., Colquhoun, D., and
Thomas, G. (2016). Improved Persistence with Non-vitamin-K Oral
Anticoagulants Compared with Warfarin in Patients with Atrial Fibrillation:
Recent Australian Experience. Curr. Med. Res. Opin. 32, 1857-1861.
doi:10.1080/03007995.2016.1218325

Smeets, H. M., Kortekaas, M. F., Rutten, F. H., Bots, M. L., van der Kraan, W.,
Daggelders, G, et al. (2018). Routine Primary Care Data for Scientific Research,

Adherence to Direct Oral Anticoagulnts

Quality of Care Programs and Educational Purposes: the Julius General
Practitioners’ Network (JGPN). BMC Health Serv. Res. 18 (1), 735.
doi:10.1186/s12913-018-3528-5

Solla-Ruiz, I., Villanueva-Benito, I., Paredes-Galdn, E., Salterain-Gonzalez,
N., Oria-Gonzailez, G., De la Cuesta-Arzamendi, F., et al. (2019).
Differences between Patient-Driven Adherence to Vitamin K
Antagonists and Direct Oral Anticoagulants. Do Few Missed Doses
Matter? ACO-MEMS Study. Thromb. Res. 179, 20-27. doi:10.1016/
J.THROMRES.2019.04.023

Vlahovié-Palcevski, V., Wetermark, B., Ibdfiez, L., and Vander Stichele, R. (2016).
“Comparison of Drug Utilization across Different Geographical Areas.,” in
Drug Utilization Research. Methods and Applications. Editor M. Elseviers
(Chichester, West Susex, UK: John Wiley & Sons), 153-159.

Vrijens, B., De Geest, S., Hughes, D. A., Przemyslaw, K., Demonceau, J., Ruppar, T.,
et al. (2012). A New Taxonomy for Describing and Defining Adherence to
Medications. Br. J. Clin. Pharmacol. 73 (5), 691-705. doi:10.1111/j.1365-
2125.2012.04167.x

Williams, T., van Staa, T., Puri, S., and Eaton, S. (2012). Recent Advances in the
Utility and Use of the General Practice Research Database as an Example of a
UK Primary Care Data Resource. Ther. Adv. Drug Saf. 3 (2), 89-99.
doi:10.1177/2042098611435911

Zielinski, G. D., van Rein, N., Teichert, M., Klok, F. A., Rosendaal, F. R., van der
Meer, F. J. M, et al. (2019). Persistence of Oral Anticoagulant Treatment for
Atrial Fibrillation in the Netherlands: A Surveillance Study. Res. Pract. Thromb.
Haemost. 4, 141-153. doi:10.1002/rth2.12261

Author Disclaimer: “This document expresses the opinion of the authors of the
paper, and may not be understood or quoted as being made on behalf of or
reflecting the position of the European Medicines Agency or one of its committees
or working parties”.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Sabaté, Vidal, Ballarin, Rottenkolber, Schmiedl, Grave, Huerta,
Martin-Merino, Montero, Leon-Muiioz, Gasse, Moore, Droz, Lassalle, Aakjcer,
Andersen, De Bruin, Souverein, Klungel, Gardarsdottir and Ibdfiez. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org

14

November 2021 | Volume 12 | Article 682890


https://doi.org/10.1002/pds.4272
https://doi.org/10.1185/03007995.2015.1074064
https://doi.org/10.1002/14651858.CD000011.pub4
https://doi.org/10.1002/14651858.CD000011.pub4
https://doi.org/10.1161/CIRCOUTCOMES.119.005969
https://doi.org/10.1161/CIRCOUTCOMES.119.005969
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1016/j.jacc.2012.09.057
https://doi.org/10.1016/j.jacc.2012.09.057
https://doi.org/10.1161/STROKEAHA.117.018395
https://doi.org/10.1161/STROKEAHA.117.018395
https://doi.org/10.1111/jth.12086
https://doi.org/10.18553/jmcp.2018.24.5.440
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.2147/CLEP.S91125
https://doi.org/10.1080/03007995.2016.1218325
https://doi.org/10.1186/s12913-018-3528-5
https://doi.org/10.1016/J.THROMRES.2019.04.023
https://doi.org/10.1016/J.THROMRES.2019.04.023
https://doi.org/10.1111/j.1365-2125.2012.04167.x
https://doi.org/10.1111/j.1365-2125.2012.04167.x
https://doi.org/10.1177/2042098611435911
https://doi.org/10.1002/rth2.12261
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Adherence to Direct Oral Anticoagulants in Patients With Non-Valvular Atrial Fibrillation: A Cross-National Comparison in S ...
	Introduction
	Methods
	Setting and Study Population
	Data Sources
	Ethical Approval
	Outcome
	Analysis
	Sensitivity Analysis

	Results
	Primary Non-Adherence
	Persistence Rate
	Switching Rate
	Discontinuation Rate
	Sensitivity Analysis

	Discussion
	Primary Non-Adherence
	Persistence Rates
	Switching Rates
	Discontinuation Rate
	Strengths and Limitations

	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


