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Abstract
Background Direct oral anticoagulants are available for patients with atrial fibrillation.
Objective This study compared adherence and persistence of once-daily (QD) vs twice-daily (BID) direct oral anticoagulants 
in patients with atrial fibrillation.
Methods A cohort study was conducted in three databases in the Netherlands, Italy and Germany. Patients with AF start-
ing direct oral anticoagulants after drug approval date were included. The index date was the date of first dispensing. Study 
patients were restricted to those aged ≥ 18 years, ≥ 1 year database history and ≥ 1 year follow-up. Adherence to treatment 
was defined as the proportion of days covered ≥ 80% between the index date and the date of last dispensing of the index regi-
men (i.e. exposure period). The proportion of days covered was also determined during the 12-month follow-up. Persistence 
was defined as continuous use from index to treatment discontinuation.
Results In the Netherlands, Italy and Germany, respectively, 6068, 32,260 and 167,445 patients were included. The mean 
age of the patients was 70, 77 and 74 years, and 31%, 40% and 61% were QD users, all respectively. Among QD/BID users, 
93/90%, 88/86% and 77/58%, respectively were adherent during the exposure period. Persistence rates at 1 year in QD/BID 
users were 60/59%, 13/14% and 46/31%, respectively.
Conclusions Adherence to treatment was high. In Germany, adherence was markedly higher in QD users compared with BID 
users. In Italy and the Netherlands, these differences were marginal. Persistence was low in all countries, but discontinuation 
was temporary. Only in Germany, persistence was markedly lower in BID users vs QD users.
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Key Points 

Adherence and persistence of direct oral anticoagulants 
(DOACs) were assessed in patients with atrial fibrilla-
tion. A comparison was made between once-daily and 
twice- daily DOACs.

Overall, patients with atrial fibrillation were very adher-
ent to their DOAC treatment.

Patients with atrial fibrillation discontinued often with 
DOAC treatment. However, discontinuation was mostly 
temporary.

1 Introduction

Non-valvular atrial fibrillation (AF) is the most common 
sustained rhythm disorder. It has long been identified as 
a significant risk factor for disabling or fatal ischaemic 
stroke and systemic embolism [1]. The risk of stroke in 
AF is reduced by antithrombotic therapy, specifically vita-
min K antagonists (VKAs, e.g. warfarin) or the direct oral 
anticoagulants (DOACs) [2, 3].

Based on the results of multiple randomised con-
trolled trials, DOACs are now frequently used to reduce 
stroke risk in patients with AF [4–6]. Favorable risk-
benefit profiles of DOACs compared with warfarin have 
been demonstrated with significant reductions in stroke, 
intracranial haemorrhage and mortality [7]. Additionally, 
DOACs compared with VKAs have gained increasing 
popularity because of no need for routine coagulation test-
ing, improved patient convenience, greater predictability, 
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faster onset of anticoagulation effect, and lower potential 
for food and drug interactions. Concerns however, have 
been raised regarding the heightened consequences of 
poor adherence and persistence to DOACs compared with 
warfarin [8, 9].

A high degree of adherence to DOACs is essential 
for reducing the risk of ischaemic stroke and systemic 
embolism in patients with AF, given the rapid decline in 
anticoagulation activity when doses are omitted [10]. In 
real-world settings, suboptimal medication adherence and 
persistence may attenuate the efficacy and safety estimates 
derived from randomised controlled trials, accounting for 
increased adverse outcomes and healthcare costs [11, 12].

Several factors may influence medication adherence and 
persistence. One factor is the complexity of the medication 
regimen. The daily dosing frequency is a domain of this 
complexity. Patients with cardiovascular disease often take 
multiple medications, including the use of combination 
products. The simplification of daily dosing frequency may 
improve drug adherence and persistence in patients with 
cardiovascular disease [13–15].

Direct oral anticoagulants are available as once-daily 
(QD) or twice-daily (BID) regimens. The QD vs BID 
dosage regimens have a number of practical implica-
tions. There is no guideline for healthcare providers for 
prescribing a specific DOAC regimen instead of another. 
Expert opinion recommends a QD dosage regimen DOAC 
in patients who prefer a low pill burden [16]. Contem-
porary studies assessing treatment adherence by QD or 
BID DOAC regimens are few and limited in size [17]. 
The objective of the present study is to assess, in three 
large real-life samples of patients with AF, the adherence, 
persistence and switching patterns of QD vs BID regimens 
in three different European countries.

2  Methods

2.1  Data Sources

For this study, we used three different databases; healthcare 
records from the PHARMO Database Network in the Neth-
erlands (7 million residents), the Italian Agenzia regionale 
di sanità della Toscana database [ARS] (3.7 million resi-
dents) and the German Pharmacoepidemiological Research 
Database [GePaRD] (25 million insurants/insured persons). 
The databases are described in detail elsewhere [18–20]. All 
three databases contain dispensings from out-patient phar-
macies. In GePaRD and ARS, the dispensing is recorded 
with a national coding system that is linked to the number 
of pills, and to the Anatomical Therapeutic Chemical (ATC) 
code of the active principle. In PHARMO, all information 
is available in the dispensing records. All three databases 

contain medical diagnostic data recorded during inpatient 
care, registered in International Classification of Diseases, 
Ninth Revision codes in ARS and PHARMO and in Inter-
national Classification of Diseases, Tenth Revision codes 
in GePaRD and PHARMO. In addition, the PHARMO and 
GePaRD databases contain medical diagnostic information 
recorded during outpatient care.

2.2  Study Design and Patient Selection

A retrospective observational cohort study was performed. 
All patients meeting the inclusion criteria and receiving a 
DOAC (Table 1 of the Electronic Supplementary Material 
[ESM]) starting from the approval date by the Committee for 
Medicinal Products for Human Use for the AF indication (14 
April, 2011 for dabigatran, 22 September, 2011 for rivaroxa-
ban, 20 September, 2012 for apixaban and 23 April, 2015 for 
edoxaban) until the end of database availability (31 Decem-
ber, 2016 in GePaRD, 31 December, 2017 in PHARMO 
and 31 December, 2018 in ARS) were analysed. The date of 
first dispensing of a DOAC was defined as the index date. 
Direct oral anticoagulant use was based on both general 
practitioner-prescribed and specialist-prescribed DOACs, 
dispensed from out-patient pharmacies. Patients were fol-
lowed from the index date to the end of data collection (e.g. 
patient moved out of catchment area/ended insurance), death 
or end of database availability, whichever occurred first.

Inclusion criteria: adult patients (≥ 18 years at the index 
date); at least 1 year of database history at the index date; 
new users, i.e. no previous DOAC dispensing in the year 
before the index date, no multiple different DOACs on the 
index date and no VKA dispensing on the index date; at 
least 1 year of follow-up after the index date; AF diagnosis 
ever before the index date (diagnosis codes are included in 
Table 1 of the ESM). Atrial fibrillation diagnoses were based 
on general practitioner records (in PHARMO), on outpa-
tient and hospital diagnoses (in GePaRD) and on hospital 
admissions (in GePaRD and ARS). The QD or BID regi-
men was defined based on the prescribed dosage regimen 
in PHARMO; based on the index drug (edoxaban and rivar-
oxaban: QD; apixaban and dabigatran: BID) in GePaRD and 
ARS, as the prescribed dosage regimen was unavailable.

2.3  Patient Characteristics

Baseline factors (i.e. sex, age and available follow-up) were 
determined. Based on out-patient dispensing records, VKA 
treatment in the year prior to the index date, polypharmacy 
(i.e. the number of all different pharmacological subgroups 
[ATC third level] excluding antithrombotic agents [ATC 
B01A]), and use of lipid-lowering, antihypertensive, anti-
diabetic and anti-arrhythmic drugs were assessed in the 3 
months before the index date (Table 1 of the ESM).
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2.4  Adherence and Persistence of DOAC Use

Direct oral anticoagulant dispensings were converted 
into treatment episodes of uninterrupted use based on the 
method of Catalan [21]: in the case of gaps between DOAC 
dispensings, use of the respective DOAC was considered 
uninterrupted if the gap lasted less than half the preceding 
dispensing period, with a minimum of 7 days. The end date 
of an episode was defined as the date of the last dispensing 
after uninterrupted use (i.e. the duration of this last dispens-
ing, excluding the permissible gap). Patients could have sev-
eral treatment episodes. In the case of switching of a dosage 
regimen, the respective DOAC episode was censored (i.e. 
days of overlap in dispensing of different DOACs were not 
counted). Switching within a dosage regimen was allowed.

Switching patterns were assessed from the day after the 
index date until the end of the follow-up based on DOAC 
treatment episodes. Switching was defined as either a dosage 
regimen switch or a cluster switch (i.e. to another DOAC 
with the same dosage regimen). For the assessment of adher-
ence and persistence by dosage regimen, switches within the 
QD or BID clusters were allowed.

Given the aforementioned method, adherence was 
defined based on the proportion of days covered (PDC) 
during the exposure period (i.e. between first and last dis-
pensing within the index dosage regimen). Considering 
the varying length of follow-up within the study popula-
tion, the PDC was also determined during the first year of 
follow-up. Among patients with more than one dispensing, 
the PDC was calculated as the total days of supply divided 
by the number of days in the exposure period. The PDC 
values range from 0 to 1, with higher values indicating bet-
ter adherence. Adherent patients were defined as those with 
PDC ≥ 0.8 [22].

Persistence was defined as the time from the index date to 
the first treatment regimen discontinuation and was based on 
DOAC treatment episodes. With this definition, persistence 
did not necessarily mean permanent but also temporary 
discontinuation.

2.5  Sensitivity Analyses

Several sensitivity analyses were performed to study bias 
that may result from the different nature of the included data-
bases. First, in Germany and the Netherlands, we adjusted 
the study population to hospital-diagnosed AF only, to create 
more comparable study populations. For the Netherlands, 
this meant a new selection for the AF study patients, as hos-
pital data were not used in the main analyses. In Germany, 
the source population from the main study was limited to 

patients with hospital-diagnosed AF. Second, we assessed 
the impact on persistence of varying permissible gaps 
between dispensings in the calculation of treatment episodes 
of uninterrupted DOAC use. We assessed a permissible gap 
between dispensings of 30 and 90 days (i.e. a treatment epi-
sode would be considered as uninterrupted if the duration 
of the gap was less than 30 or 90 days).

2.6  Subgroup Analyses

As medication adherence and persistence might be influenced 
by several factors (i.e. age, sex, comorbidities, polypharmacy, 
 CHA2DS2-VASc score), we performed exploratory subgroup 
analyses of adherence and persistence for age (categorised 
as age <65, 65–74, ≥75 years),  CHA2DS2-VASc (catego-
rised as  CHA2DS2-VASc <2, 2–5, >5), sex, co-medication 
(lipid-modifying and anti-hypertensive drugs), polypharmacy 
(categorised as <5, 6–7, ≥8) and comorbidities (depression, 
cancer, ischaemic stroke, chronic heart failure) [8, 23, 24].

2.7  Additional Analyses

We have performed all analyses described in “Statistical 
analysis” in the InGef database (Institut für angewandte 
Gesundheitsforschung Berlin GmbH) in Germany as well, 
to add more data for patients on edoxaban (i.e. most recent 
approved DOAC) and see whether results were similar in 
more recent years. The InGef database is an anonymised 
healthcare claims database with longitudinal data from 
approximately 8 million German insured members of one 
of more than 60 German statutory health insurance providers 
currently contributing data to the database (mainly company 
or guild health insurances). InGef, data between 2013 and 
2018 was used. Atrial fibrillation diagnoses were based on 
primary and secondary care records.

2.8  Statistical Analysis

Measures of adherence, persistence and switching patterns 
were compared between QD and BID DOAC users by means 
of chi-square tests for categorical variables and analysis of 
variance tests for continuous variables. Persistence over time 
is presented in a Kaplan–Meier persistence curve, stratified 
by database and index dosage regimen.

Analyses were performed per database. All data were 
structured to a study-specific common data model in order 
to apply identical analytical programmes across databases. 
All analyses were conducted using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA) in the Netherlands and Ger-
many. In Italy, R was used for data processing and analyses.
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3  Results

Table 1 presents the selection of the study population in the 
Netherlands, Italy and Germany. In the Netherlands, 1907 
patients (31%) used a QD dosage regimen and 4161 patients 
(69%) used a BID regimen. In Italy, there were 13,017 
patients (40%) and 19,243 patients (60%), respectively. In 
Germany, 102,422 patients (61%) used a QD dosage regimen 
and 65,023 patients (39%) used a BID regimen.

Table 2 shows that the mean age was 70 years in the Neth-
erlands, 77 years in Italy and 74 years in Germany. Median 
follow-up (i.e. available database follow-up) was 2.1–2.8 
years in all databases.

In all databases, rivaroxaban (the first approved DOAC 
among the QD group) was the most frequently used drug 
at the index date (76–99%) among users in the QD group. 
In the Netherlands and Germany, edoxaban was used by 
only 1–3% of the patients in the QD group; in Italy, which 
provided the most recent data, it was used by 24%. In the 
BID group, dabigatran was the most frequently used drug 
at the index date (74%) in the Netherlands; in Germany, it 
was apixaban (63%); in Italy, apixaban and dabigatran were 
used equally frequently. Patient characteristics were equally 
distributed between dosage regimen groups. Study popula-
tions were slightly different among databases. In the Neth-
erlands, the proportion of male patients was higher, patients 
were younger, and there was less polypharmacy compared 
with patients in Germany and Italy. With only hospital-
diagnosed patients with AF, Italy had a study population 
with more severely diseased patients (i.e. older patients and 

more polypharmacy compared with the other databases). 
Indeed, sensitivity analyses in the Netherlands and Germany, 
with only hospital-diagnosed patients with AF, showed an 
increased frequency of polypharmacy (Table 4 of the ESM 
vs Table 2).

3.1  Adherence

In the Netherlands, during the first 12 months of treatment, 
93% of the QD users was adherent to DOAC treatment. 
During the total exposure period, 94% of the QD users was 
adherent to DOAC treatment (Table 3). These proportions 
were slightly, but significantly lower among BID users. 
Ninety percent of the BID users was adherent to DOAC 
treatment during the exposure period. This was 91% of 
the BID users during the first 12 months of follow-up (p < 
0.05). In Italy, 88% of the QD users was adherent to treat-
ment during the exposure period and 89% was adherent to 
treatment during the first 12 months of follow-up. This was 
also slightly but significantly lower among BID users (86% 
during the exposure period and 88% during 12 months of 
follow-up) [p < 0.05]. In Germany, 77% of the QD users 
was adherent to treatment during the exposure period and 
82% of the QD users was adherent to treatment during 12 
months of follow-up. This was significantly lower among 
BID users (58% during the exposure period and62% during 
12 months of follow-up) [p < 0.05]. Sensitivity analyses 
based on hospital-diagnosed patients with AF only in Ger-
many and PHARMO showed similar adherence results com-
pared to the analyses in the main study (Table 5 of the ESM). 
Subgroup analyses showed lower adherence rates for BID 

Table 1  Selection of the study population in PHARMO, ARS and GePaRD

AF atrial fibrillation, BID twice-daily, DE Germany, DOACs direct oral anticoagulants, IT Italy, NL the Netherlands, QD once-daily, VKA vita-
min K antagonist
a Selection period: from the date of positive Committee for Medicinal Products for Human Use opinion on the AF indication for each drug until 
the end of data availability for each database

PHARMO (NL) ARS (IT) GePaRD (DE)

Adult patients receiving DOACs during selection perioda (N) 19,940 78,582 453,601
Excluded: less than 1 year of database history, n (%) 374 (2) 214 (<0.5) 13,500 (3)
With at least a 1-year database history (N) 19,566 78,368 440,101
Excluded: less than 1 year of database follow-up, n (%) 7617 (39) 22,778 (29) 139,275 (32)
With at least a 1-year database follow-up (N) 11,949 55,590 300,826
Excluded: previous dispensing of DOACs in the year before the index date, 

multiple different DOACs or a VKA dispensing on the index date, n (%)
61 (1) 90 (<0.5) 1021 (<0.5)

Eligible new users of DOACs (N) 11,888 55,500 299,805
Excluded: patients without AF, n (%) 5728 (48) 23,240 (42) 132,360 (44)
Patients with AF (N) 6160 32,260 167,445
Excluded: patients without a QD or BID regimen, n (%) 92 (1) 0 (0) NA
Study population: patients meeting all the inclusion criteria (N) 6068 32,260 167,445
QD DOAC users, n (%) 1907 (31) 13,017 (40) 102,422 (61)
BID DOAC users, n (%) 4161 (69) 19,243 (60) 65,023 (39)
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users among older patients compared with younger patients 
in Germany. In Germany, during the total exposure period, 
50% of BID users aged ≥ 75 years was adherent and 69% of 
BID users aged < 65 years was adherent. Among QD users, 
this was 74% and 78%, respectively, which shows that adher-
ence rates were higher and differences between subgroups 
were smaller among QD users. Furthermore, the explora-
tory subgroup analyses showed lower adherence rates for 
BID users among female patients, higher  CHA2DS2-VASc 
score patients compared with male patients and lower 
 CHA2DS2-VASc score patients in Germany, but not in the 
Netherlands and Italy (Tables 6 and 7 of the ESM).

3.2  Persistence

In the Netherlands, 84% of QD users and 83% of BID users 
had uninterrupted treatment after 3 months of follow-
up. After 12 months, this was 60% and 59%, respectively 
(Table 3). The Kaplan–Meier curves (Fig. 1) show a slightly 
higher proportion of persistent users in the QD group com-
pared with the BID group from 16 months of follow-up 
onwards.

In Italy, 45% of the QD users and 43% of the BID users 
were still using the initial dosage regimen after 3 months of 
follow-up. After 12 months, this was 13% and 14%, respec-
tively. The Kaplan–Meier curves (Fig. 1) show no difference 
in the proportion of persistent users among the QD group 
and BID group during follow-up. Several sensitivity analyses 
were performed to explain the low persistence rates here. As 
86–88% of the patients had a PDC of ≥0.8 and only 43–45% 
were persistent after 3 months of treatment, we surmised that 
patients only discontinued temporarily and re-started their 
treatment after a short period again. Sensitivity analyses 
using a different definition for treatment episodes showed 
higher persistence rates. After considering a treatment epi-
sode as uninterrupted if the gap between two dispensings 
was less than 30 days, 23% of the QD users and 25% of the 
BID users was persistent after 12 months of follow-up. A 
maximum gap between two dispensings of 90 days showed 
persistence rates of 69% and 75%, respectively. In this sensi-
tivity analysis, the results were comparable among all three 
databases (Table 2 of the ESM).

In Germany, 78% of the QD users and 56% of the BID 
users were still using the initial dosage regimen after 3 

Table 2  Characteristics of 
direct oral anticoagulant users 
at the index date, stratified by 
database and index dosage 
regimen

ATC  Anatomic Therapeutic Chemical, BID twice-daily, DE Germany, IT Italy, NA not applicable, NL the 
Netherlands, QD once-daily, SD standard deviation, VKA vitamin K antagonist
a Assessed in the year before the index date
b Assessed in the 3 months before or on the index date
c Number of all different pharmacological subgroups (ATC third level) excluding antithrombotic agents 
(ATC B01A)

PHARMO (NL) ARS (IT) GePaRD (DE)

QD BID QD BID QD BID

N = 1907 N = 4161 N = 13,017 N = 19,243 N = 102,422 N = 65,023

n (%) n (%) n (%) n (%) n (%) n (%)

Male sex, n (%) 1135 (60) 2410 (58) 6553 (50) 9632 (50) 52,120 (51) 32,876 (51)
Age (years), mean ± SD 70 ± 10 70 ± 10 77 ± 10 77 ± 9 74 ± 11 74 ± 10
Index drug
 Edoxaban, QD 48 (3) NA 3139 (24) NA 1028 (1) NA
 Rivaroxaban, QD 1859 (97) NA 9878 (76) NA 101,394 (99) NA
 Apixaban, BID NA 1081 (26) NA 9340 (49) NA 40,843 (63)
 Dabigatran, BID NA 3080 (74) NA 9903 (51) NA 24,180 (37)
 Prior VKA  treatmenta 642 (34) 1245 (30) 5417 (42) 8700 (45) 25,761 (25) 16,162 (25)

Co-medicationb

 Lipid-modifying agents 765 (40) 1774 (43) 4331 (33) 6584 (34) 28,559 (28) 21,428 (33)
 Antihypertensive drugs 1675 (88) 3653 (88) 11,485 (88) 17,241 (90) 91,622 (89) 58,744 (90)
 Antidiabetic drugs 247 (13) 588 (14) 2061 (16) 3169 (16) 15,067 (15) 9865 (15)
 Anti-arrhythmic drugs 244 (13) 530 (13) 3524 (27) 5487 (29) 10,925 (11) 7298 (11)

Polypharmacyb,c

 0–5 1246 (65) 2667 (64) 5629 (43) 8165 (42) 59,453 (58) 36,632 (56)
 6–7 373 (20) 767 (18) 2825 (22) 4209 (22) 20,328 (20) 13,401 (21)
 ≥ 8 288 (15) 727 (17) 4563 (35) 6869 (36) 22,641 (22) 14,990 (23)
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months of follow-up. After 12 months, this was 46% and 
31%, respectively. Persistence rates at all timepoints were 
significantly higher among QD users compared with BID 
users (p < 0.05). The Kaplan–Meier analysis illustrates this 
difference (Fig. 1). In all countries, the sensitivity analyses 
showed comparable persistence rates between QD and BID 
users when a maximum gap of 90 days was allowed between 
two dispensings. This result was observed especially in Ger-
many. It seems that the effect of a higher persistence rate 
among QD users disappeared when the allowed gap between 
dispensings was very long.

Sensitivity analyses based only on hospital-diagnosed 
patients with AF in Germany and the Netherlands showed 
similar persistence results. Subgroup analyses showed no 
large differences in persistence among different subgroups 
(Tables 2–7 of the ESM).

3.3  Switching Patterns

In all databases, the majority of patients (about 90%) did 
not switch from one DOAC to another during the follow-
up. Among the switchers, the largest part of the patients 
switched dosage regimens. Only a few patients (< 0.5% of 
the switchers) switched within the same dosage regimen.

3.4  Additional Analyses

In the InGef database, 55,509 DOAC users were included 
in the study population, with 28,065 (51%) users with a 
QD dosage regimen and 27,444 (49%) users with a BID 
regimen. Because a more recent data cut was used in this 
analysis, more patients with edoxaban (QD) [i.e. most recent 
approved DOAC] were included. Compared to the data from 
GePaRD, the proportion of QD users was lower (51% in 
InGef vs 61% in GePaRD). Adherence rates were slightly 
lower among patients in InGef compared with patients in 
GePaRD; however, the significant difference between QD 
and BID still existed. Persistence results were consistent 
with the GePaRD results in this study (Table 8 of the ESM).

4  Discussion

The present study was conducted in 205,773 AF new users 
of DOACs in the Netherlands, Italy and Germany between 
2011 and 2018. To our knowledge, it represents the largest 
study of its type, being at least one order of magnitude larger 
than previous studies [17]. Across the three European coun-
tries, adherence was significantly lower with BID vs QD 
regimens, with marginal differences in the Netherlands and 

Table 3  Adherence and persistence among direct oral anticoagulant users, stratified by database and index dosage regimen

BID twice-daily, DE Germany, IT Italy, NL the Netherlands, PDC proportion of days covered, QD once-daily, SD standard deviation
a Adherence measures only assessed among patients with >1 dispensing in the exposure period, and excluded (temporary) discontinuations

PHARMO (NL) ARS (IT) GePaRD (DE)

QD BID pvalue
QD vs BID

QD BID p value
QD vs BID

QD BID p value
QD vs BID

N = 1907 N = 4161 N = 13,017 N = 19,243 N = 102,422 N = 65,023

Patients for whom 
adherence is deter-
mineda, n (%)

1785 (94) 3930 (94) 12,533 (96) 18,596 (97) 88,363 (86) 58,354 (90)

 Exposure period (months)
  Mean ± SD 23 ± 14 25 ± 16 0.0014 25 ± 15 29 ± 17 < 0.0001 23 ± 13 21 ± 13 < 0.0001

 PDC during exposure period
  Mean ± SD 0.96 ± 0.11 0.94 ± 0.15 < 0.0001 0.94 ± 0.15 0.93 ± 0.14 < 0.0001 0.89 ± 0.19 0.78 ± 0.24 < 0.0001

 n (%) adherent 
(PDC ≥ 0.8)

1667 (93) 3540 (90) < 0.0001 11,421 (88) 16,566 (86) < 0.0001 68,331 (77) 33,932 (58) < 0.0001

 PDC during 12 months of follow-up
 Mean ± SD 0.96 ± 0.10 0.95 ± 0.13 < 0.0001 0.95 ± 0.13 0.95 ± 0.12 0.0088 0.91 ± 0.16 0.80 ± 0.23 < 0.0001
 n (%) adherent 

(PDC ≥ 0.8)
1670 (94) 3559 (91) 0.0005 11,610 (89) 16,971 (88) 0.0001 71,320 (82) 35,521 (62) < 0.0001

Persistence, n (%)
 At 3 months 1606 (84) 3466 (83) 0.3697 5836 (45) 8242 (43) 0.0004 80,320 (78) 36,593 (56) < 0.0001
 At 6 months 1377 (72) 2942 (71) 0.2300 3428 (26) 4990 (26) 0.4184 62,289 (61) 27,195 (42) < 0.0001
 At 9 months 1251 (66) 2667 (64) 0.2551 2390 (18) 3648 (19) 0.1775 53,584 (52) 22,997 (35) < 0.0001
 At 12 months 1151 (60) 2444 (59) 0.2330 1752 (13) 2736 (14) 0.0533 47,248 (46) 20,177 (31) < 0.0001
 At end of follow-up 825 (43) 1624 (39) 0.0018 460 (4) 487 (3) < 0.0001 27,729 (27) 12,835 (20) < 0.0001
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Italy, but marked in Germany, where formal nonadherence 
to BID regimens was reached (i.e. PDC <0.8) [22]. Persis-
tence decreased over time in all countries; it was consistently 
lower with BID vs QD regimens in Germany, but not in the 
Netherlands and Italy. Highest adherence and persistence 
levels were observed in the Netherlands, compared to Italy 
and Germany.

Some studies investigated DOAC medication adherence 
and the number of daily doses among patients with AF. High 
adherence rates with DOAC use were observed and there 
was a 6.9% difference in favour of QD compared with BID 
dosing regimens observed among patients with long-term 
cardiovascular medication use [25–27]. In patients with 
venous thromboembolism (VTE), an approximately 39–61% 
higher likelihood of being adherent compared with patients 
on BID dosing regimens was observed [14]. These results 
are in line with our study on patients with AF, although we 
observed smaller differences in the Netherlands and Italy. 
Smaller differences in the Netherlands might be explained 
by the fact that in general adherence rates were very high. 
Patients in the Netherlands are regularly seen by their health-
care provider, resulting in a better control of patients who 
take DOACs. Patients in the Netherlands were also younger 
and had less polypharmacy, which might have contributed 

to the higher adherence. Furthermore, the lower adherence 
in Germany is similar to previous research, where high 
adherence (medication possession ratio (MPR) ≥0.80) was 
observed in 61.4% of rivaroxaban users and in 49.5% of 
dabigatran users [28].

We observed clinically relevant, higher persistence rates 
among QD users compared with BID users during the entire 
follow-up in Germany, and no or only marginal differences 
in the Netherlands and Italy. Koziel et al. assessed patients 
in the phase III GLORIA-AF registry, and also found similar 
persistence rates for QD and BID users; the proportion of 
patients persisting on DOAC therapy for 1 year was 79.5% 
among those using the QD regimen and 80.6% with the BID 
regimen [17]. Another study found marginal differences, 
with 63.6% of patients persisting at 6 months among those 
using dabigatran (BID) and 68.1% of patients persisting 
among those using rivaroxaban (QD) [12]. A retrospective 
analysis from the Danish National Patients Registry found 
that after 1 year, 85% of dabigatran-treated (BID) patients 
showed persistence whereas this was 90% for rivaroxaban-
treated (QD) patients. However, also among apixaban-
treated (BID) patients, 90% showed persistence [29].

Low persistence rates in Italy presumably related to the 
unique DOAC dispensing rules in Italy, which trigger a 

Fig. 1  Kaplan–Meier curve 
showing the proportion of 
patients persistent with the 
once-daily (QD) and twice-daily 
(BID) dosage regimen for direct 
oral anticoagulants, stratified 
by database and index dosage 
regimen

Months 0 8 16 24 32 40 48 56 64 72

Nat risk 1,907 1,286 862 519 288 130 54 15 7 -

Nat risk 4,161 2,752 1,845 1,120 652 344 158 98 41 -

Nat risk 13,017 2,677 979 416 180 63 20 4 - -

Nat risk 19,243 4,000 1,712 842 391 181 79 28 3 -

Nat risk 102,422 55,988 35,900 20,915 11,562 5,135 921 155 - -

Nat risk 65,023 24,112 14,495 7,330 3,577 1,432 291 95 - -
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signal of non-persistence when using the method of Cata-
lan. According to the method of Catalan, a treatment epi-
sode ends regardless of whether the patient refilled DOAC 
a bit later than the maximum allowed gap or permanently 
stopped. As the adherence rates were high in Italy, we sur-
mise that interruptions were short and true non-persistence 
was low.

Sensitivity analyses were performed with a fixed permis-
sible gap between dispensings in all three databases. In pre-
vious studies [30], results became more stable after applying 
a 90-day gap. In our study, after applying sensitivity analyses 
with a permissible gap of 90 days between the dispensings, 
the results became more comparable to the other databases 
as well. One year persistence rates were 69–72% in Italy, 
which was comparable to the other databases in this analysis.

Medication adherence and persistence are different for 
some demographic factors (e.g. age, sex and education level), 
comorbidities, higher polypharmacy,  CHA2DS2-VASc score, 
behavioural factors or patient unawareness of the risks and 
benefits related to drug use and discontinuation [8, 23, 24].

Polypharmacy and co-medication were equally distributed 
among the dosage regimen groups. We assessed adherence 
and persistence among subgroups in exploratory subgroup 
analyses. Adherence rates were lower in BID users among 
older patients and comorbid patients, as well as female 
patients and patients with a higher  CHA2DS2-VASc score 
in Germany, which is in line with the literature [8, 23, 24]. 
In the Netherlands and Italy, no large differences between 
subgroups were observed, which might be explained by the 
smaller study populations in these databases. Persistence did 
not differ among subgroups. The difference in persistence 
with DOAC treatment among QD users compared with BID 
users remained within the subgroups.

Our analyses contributed to the importance of assess-
ing adherence and persistence. A high degree of adherence 
to DOACs is essential for reducing the risk of ischaemic 
stroke and systemic embolism in patients with AF, given 
the rapid decline in anticoagulation activity when doses are 
omitted [10]. Our analysis demonstrates that a QD regimen 
can help patients taking DOACs to be more adherent than 
with BID regimens, as adherence was higher among QD 
users compared with BID users, especially in Germany. This 
benefit is observed in older patients, patients with comor-
bidities, those using multiple drugs and those with a higher 
 CHA2DS2-VASc score in Germany as well.

There is no guideline for healthcare providers for pre-
scribing a specific DOAC regimen instead of another. The 
choice of the dosing regimen may depend on a clinician’s 
preference, a patient’s preference, and a patient’s character-
istics and as a result it varies case by case. However, sub-
optimal treatment persistence is a major concern. This is a 
particular concern for elderly patients with AF, who are at 

a greater risk of both ischaemic and bleeding events than 
younger patients [31, 32].

Because a good adherence is associated with better 
outcomes, QD DOACs may be an appropriate choice for 
elderly patients, although the treating physician should also 
be aware of other criteria, such as the patient risk profile, 
comorbidities and concomitant medications. All these fac-
tors must be carefully considered on an individual basis for 
appropriately matching a DOAC to a particular patient.

A limitation of this study was that the Catalan method 
for persistence calculation seemed not the right method for 
Italy; treatment episodes ended after a short period of fol-
low-up and persistence rates became low. However, sensitiv-
ity analyses were performed with a longer permissible gap 
between DOAC dispensings. Another limitation in calculat-
ing adherence and persistence with dispensing data is that 
we never know the real intake of a medicine. We can assume 
that patients started using the drug at the dispensed day, 
but we do not know whether a gap of several days means 
that a patient did not take the drug at separate days or over 
a period of several days. However, we based our calcula-
tions on dispensing dates from the outpatient pharmacies, 
and when next dispensings were recorded, we can assume 
that patients continued their medication intake. Furthermore, 
with the exclusion of patients with less than 1 year of follow-
up available, we excluded the patients who died within a 
year of follow-up. This might have caused selection bias, as 
more healthy patients were selected in this manner, which 
may have slightly affected adherence rates. Last, no match-
ing was applied for the potential differences between the QD 
and BID users. This is a limitation of the study, as potential 
baseline differences could be addressed with this.

An important strength of our study is that we used data 
from unselected populations from three different countries. 
Data were extracted locally and transformed into a com-
mon data model. Aggregated data were created on site for 
each database by using a shared programme. In addition, this 
study included a large cohort of DOAC users, to our knowl-
edge being at least one order of magnitude larger than previ-
ous studies [17]. Healthcare records from multiple settings 
of care were combined to be able to take many medical fac-
tors into account, such as comorbidities and co-medications.

We are working on a follow-up research in which stroke 
outcomes were included, which was beyond the scope of the 
current paper. A scientific paper is currently under devel-
opment. Furthermore, other factors (besides demographic 
factors, comorbidities and polypharmacy) that might con-
tribute to the proportion of patients with AF not gaining the 
full benefit of DOAC treatment are eligible patients who 
were not prescribed a DOAC or patients not filling the first 
prescription. Future research could focus on assessing these 
factors.
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5  Conclusions

Adherence to treatment was high in all three countries. In 
Germany, adherence was markedly higher in QD users com-
pared with BID users. In Italy and the Netherlands, these dif-
ferences were marginal. Persistence was low in all countries, 
but discontinuation was mostly temporary. In Germany, per-
sistence was markedly lower in BID users vs QD users.
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