
O R I G I N A L  R E S E A R C H

Risk Profiles of New Users of Oral Anticoagulants 
Between 2011 and 2019 in Germany
Annemarie Voss 1, Bianca Kollhorst 2, Katharina Platzbecker 1, Ute Amann 1, Ulrike Haug1,3

1Department of Clinical Epidemiology, Leibniz Institute for Prevention Research and Epidemiology – BIPS, Bremen, Germany; 2Department of 
Biometry and Data Management, Leibniz Institute for Prevention Research and Epidemiology – BIPS, Bremen, Germany; 3Faculty of Human and Health 
Sciences, University of Bremen, Bremen, Germany

Correspondence: Ulrike Haug, Department of Clinical Epidemiology, Leibniz Institute for Prevention Research and Epidemiology – BIPS, Bremen, 
Germany, Tel +49 421 218 56862, Email haug@leibniz-bips.de 

Purpose: Over the last decade, the use of direct oral anticoagulants (DOACs) has strongly increased. We aimed to describe and 
compare risk profiles including potential changes over time among persons with non-valvular atrial fibrillation initiating treatment with 
different DOACs or phenprocoumon (vitamin K antagonist) between 2011 and 2019 in Germany.
Patients and Methods: Using the German Pharmacoepidemiological Research Database (GePaRD; claims data of ~20% of the 
German population), we identified persons with a first dispensing of phenprocoumon or a DOAC and a diagnosis of non-valvular atrial 
fibrillation between August 2011 and December 2019. We described the morbidity of included patients prior to treatment initiation, 
stratified by year of treatment initiation.
Results: Overall, we included 448,028 new users (phenprocoumon: N = 118,117, rivaroxaban: N = 130,997, apixaban: N = 130,300, 
edoxaban: N = 38,128, dabigatran: N = 30,486). Comparing new DOAC users in 2019, the proportion with prior ischemic stroke was 
highest for dabigatran (17%) and lowest for rivaroxaban (8%). The proportion with prior major bleeding was also highest for 
dabigatran (25%) and lowest for edoxaban (20%). New users of apixaban were oldest and, eg, showed the highest prevalence of 
congestive heart failure. Changes over time were most pronounced for phenprocoumon. For example, among persons initiating 
phenprocoumon in 2012 vs 2019, the proportion with prior major bleeding increased from 18% to 35%; the proportion with renal 
disease increased from 20% to 36% and the proportion with liver disease from 18% to 24%.
Conclusion: This study demonstrated differences in risk profiles between new users of different oral anticoagulants and substantial 
changes over time among new phenprocoumon users. These differences have to be considered in head-to-head comparisons of these 
drugs based on observational data, especially regarding potential unmeasured confounding.
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Introduction
Atrial fibrillation is one of the major causes of stroke, heart failure, sudden death and cardiovascular morbidity. The 
global prevalence increased by 33% during the past 20 years and in 2017, over 37 million people worldwide had 
a diagnosis of atrial fibrillation.1 For many years, vitamin K antagonists (VKAs) had been the most widely used drugs to 
prevent cerebral embolism in patients with atrial fibrillation. Since 2011, several new oral anticoagulants (OACs) have 
been approved for the prevention of stroke and systemic embolism in patients with non-valvular atrial fibrillation, known 
as direct oral anticoagulants (DOACs) or non-vitamin K antagonist oral anticoagulants. The DOAC approved first was 
dabigatran (2011), a thrombin inhibitor, followed by the three factor Xa inhibitors rivaroxaban (2011), apixaban (2012) 
and edoxaban (2015). Their safety and effectiveness have been shown to be non-inferior to warfarin, the most commonly 
used VKA worldwide, in randomized controlled trials (RCTs) and observational studies.2–7 In contrast to VKAs, all 
DOACs have more predictable pharmacokinetic properties, ie, there is no routine anticoagulation monitoring.8 Their use 
in clinical practice is increasing rapidly.9
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Given that there is no RCT comparing all four DOACs, a direct head-to-head comparison investigating safety and 
effectiveness based on observational data would be of general interest. Even though there are meta-analyses of existing 
studies comparing DOACs, the heterogeneity between studies is a limitation of such indirect comparisons and in 
addition, there were no data on edoxaban.10–12 In preparation of a direct head-to-head comparison of all available 
DOACs based on observational data, it is important to characterize the users of the different drugs. In case such a study 
reveals differences in measured confounders between groups, there is also a higher risk of bias due to unmeasured 
confounding. In fact, there are several reasons why risk profiles between DOAC users may differ. First, the successive 
approval of DOACs could have resulted in various forms of channelling, possibly also influenced by marketing 
strategies. Second, antidotes became available over time: for dabigatran, idarucizumab was approved in 2016 and for 
rivaroxaban and apixaban, andexanet alfa has been available since 2019. For edoxaban, an approved antidote is still 
missing. Third, differences in dose regimens, ie, once daily (rivaroxaban, edoxaban) or twice daily (dabigatran, 
apixaban), could have an impact on the treatment decision. Finally, in Germany, discounts for certain drugs and regional 
recommendations for economical prescribing could also play a role.

Even though there are many observational studies investigating the safety and effectiveness of OACs,13–18 studies 
systematically comparing the risk profiles of patients using different OACs are lacking. We therefore aimed to describe 
and compare risk profiles (eg, risk of bleeding, cardiovascular risk) including potential changes over time of patients with 
non-valvular atrial fibrillation initiating treatment with different DOACs or phenprocoumon, the most commonly used 
VKA in Germany, between 2011 and 2019.

Methods
Data Source
We used the German Pharmacoepidemiological Research Database (GePaRD), which consists of claims data from four 
statutory health insurance providers (SHIs) in Germany. This database currently includes information on >25 million 
persons who have been insured with one of the participating providers since 2004 or later.19 In addition to demographic 
data, GePaRD contains information on reimbursable drug dispensations as well as outpatient (ie, from general practi-
tioners and specialists) and inpatient services and diagnoses. Per data year, there is information on approximately 20% of 
the general population and all geographical regions of Germany are represented.

Study Population and Study Design
To identify new users of OACs, namely phenprocoumon, dabigatran, rivaroxaban, apixaban or edoxaban, we considered 
all patients with a first-time dispensation (index dispensation) of one of the respective study drugs and a diagnosis of non- 
valvular atrial fibrillation any time between August 2011 (approval of the first DOAC, dabigatran) and December 2019. 
Regarding VKAs, we focused on phenprocoumon given that 99% of VKA users in Germany use phenprocoumon, ie, 
warfarin hardly plays a role and acenocoumarol is not approved in Germany.15 Non-valvular atrial fibrillation was 
assumed to be present if there were at least one inpatient or two outpatient diagnosis codes (ICD-10 GM I48x) in the year 
before the index dispensation or an outpatient diagnosis in the same quarter as the index dispensation.20 Patients were 
excluded if there was any record of mitral stenosis or an artificial heart valve any time before the index dispensation, 
taking into account the patient’s full database history (ie, also from years before 2011). We also excluded patients with 
missing or unclear information on sex or age, and those without permanent residency in Germany. Furthermore, we 
excluded patients who had not been continuously insured for at least one year before the index dispensation and those 
with a dispensation of any OAC any time before the index dispensation. The date of the index dispensation at which all 
inclusion and exclusion criteria were met was assigned as the index date. We defined sub-cohorts according to the type of 
OAC of the index dispensation.

Variables to Characterize the Risk Profiles of New OAC Users
In terms of medication increasing or decreasing the risk of bleeding, we assessed whether there was at least one 
dispensation of an antiplatelet drug, a non-steroidal anti-inflammatory drug (NSAID), an antiarrhythmic drug, an oral 
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steroid, a selective serotonin reuptake inhibitor (SSRI) or a proton pump inhibitor (PPI) in the year prior to index date. 
ATC codes are listed in Supplementary Table 1.

Furthermore, we assessed the presence of relevant past cardiovascular events including ischemic stroke, transient 
ischemic attack (TIA), venous thromboembolisms (including deep vein thrombosis and pulmonary embolism) and major 
bleedings, as well as chronic diseases such as coronary heart disease, hypertension, heart failure, vascular disease, 
diabetes mellitus, renal and liver disease recorded any time prior to index date based on algorithms described in 
Supplementary Table 2. For classification of the stroke and bleeding risk, we calculated the CHA2DS2VASc score21 

and the modified HAS-BLED score22 in SAS as described in the Supplementary Tables 3–4.
In sensitivity analyses, we restricted the look-back period for the assessment of comorbidities to “one year prior” to 

index date (rather than “any time prior”) in order to assess the impact of the length of the look-back period on the 
prevalence of comorbidities.

Data Analysis
We described the characteristics of the study population using frequency counts and percentages for categorical variables; 
for continuous variables, we used medians with their interquartile range (IQR) and means with their standard deviation. 
To assess trends in patient characteristics over time, we stratified the analyses by year of index date. For the sake of 
clarity, we partly restricted the results presented in the main manuscript to the data year 2019, the most recent data at the 
time of analysis, but provide the results for all other years in the supplement. The analyses were performed with the 
statistical software SAS 9.4 (SAS Institute, Cary, NC, USA).

Results
A total of 448,028 new OAC users with non-valvular atrial fibrillation were included in this study (phenprocoumon: N = 
118,117, rivaroxaban: N = 130,997, apixaban: N = 130,300, edoxaban: N = 38,128, dabigatran: N = 30,486). In patients 
with index date in 2019, the proportion of male patients ranged from 49% (apixaban) to 54% (dabigatran and 
rivaroxaban) in new DOAC users and was 57% in new phenprocoumon users. The median age at index date ranged 
from 75 years (dabigatran and rivaroxaban) to 77 years (apixaban) and was 75 years among new phenprocoumon users. 
The proportion of patients aged >75 years was highest in new apixaban users (60.4%), followed by new edoxaban users 
(57.1%) and new user of dabigatran and rivaroxaban (~51%) (Table 1). Also, in other years, new users of apixaban were 
oldest and had the lowest proportion of males in comparison to other new OAC users (see Supplementary Table 5a–e).

Table 1 shows the prevalences of selected medical conditions for new OAC users with index date in 2019 (results for 
new OAC users with index date in other years are shown in Supplementary Table 5a–e). Among new DOAC users, the 
proportion of patients with a history of ischemic stroke ranged from 8.1% (rivaroxaban) to 16.7% (dabigatran) and the 
proportion of patients with a history of TIA ranged from 4.7% (rivaroxaban and edoxaban) to 7.0% (dabigatran); for 
phenprocoumon, the proportions were 10.1% and 4.9%, respectively. Among new DOAC users, the prevalences of 
coronary heart disease, hypertension, congestive heart failure, vascular disease, diabetes mellitus and renal disease were 
all highest among new users of apixaban and lowest among new users of dabigatran (differences ranged between 3 and 
7 percentage points). For phenprocoumon, the prevalences of these conditions exceeded those of new DOAC users 
(largest difference for renal disease). The prevalence of a history of major bleeding ranged between 20.0% (edoxaban) 
and 24.5% (dabigatran) among new DOAC users, while it was 34.9% among new phenprocoumon users. Regarding the 
use of drugs influencing the bleeding risk, the prevalences among new DOAC users varied by three percentage points or 
less, except for the prevalence of PPI use, which was lowest among new dabigatran users (29.8%) and highest among 
new apixaban users (33.9%). For most of the drugs, the prevalences among new phenprocoumon users were similar to 
those of new DOAC users, except for higher prevalences of antiplatelets and antiarrhythmic agents use. The median 
CHA2DS2VASc score was 4.0 points for all new OAC users except for rivaroxaban (3.0 points). The median HASBLED 
score was 3.0 points across all groups.

Stratification by year of index date showed that the number of new users (Figure 1) as well as the distribution of their 
risk profiles (Figures 2a and b) changed over time and the pattern partly differed between OACs. The number of new 
phenprocoumon users peaked in 2012 and decreased afterwards. The number of new apixaban and edoxaban users steadily 
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Table 1 Baseline Characteristics of New OAC Users with Index Date in 2019, Stratified by Type of OAC Dispensed at the Index Date

Phenprocoumon Dabigatran Rivaroxaban Apixaban Edoxaban

N=2683 N=1564 N=12,202 N=29,599 N=12,415

Sex

Male, N (%) 1536 (57.2) 836 (53.5) 6615 (54.2) 14,619 (49.4) 6534 (52.6)

Age at index date (years)

Mean (SD) 73.0 (11.0) 73.1 (11.2) 72.6 (11.5) 75.2 (11.0) 74.4 (10.8)

Median (IQR) 75.0 (66–81) 75.0 (66–82) 75.0 (66–81) 77.0 (69–83) 76.0 (68–82)

Age categories (years)

65–74, N (%) 731 (27.2) 429 (27.4) 3221 (26.4) 6889 (23.3) 3153 (25.4)

>75, N (%) 1386 (51.7) 796 (50.9) 6259 (51.3) 17,878 (60.4) 7094 (57.1)

Number of hospital visits in the year prior to index date

Median (IQR) 1.0 (1–3) 1.0 (1–2) 1.0 (1–2) 1.0 (1–2) 1.0 (0–2)

Days spent in hospital in the year prior to index date

Median (IQR) 13.0 (1–30) 8.0 (4–20) 6.0 (1–15) 7.0 (2–18) 3.0 (0–10)

Look-back period in years

Mean (SD) 13.4 (3.4) 13.4 (3.3) 13.2 (3.5) 13.5 (3.2) 13.4 (3.3)

Median (Q1-Q3) 15.0 (14–15) 15.0 (14–15) 15.0 (14–15) 15.0 (15–15) 15.0 (15–15)

Selected medical history any time before index date

Ischemic stroke, N (%) 272 (10.1) 261 (16.7) 991 (8.1) 3395 (11.5) 1051 (8.5)

TIA, N (%) 132 (4.9) 110 (7.0) 570 (4.7) 1649 (5.6) 579 (4.7)

Embolism, N (%) 65 (2.4) 25 (1.6) 243 (2.0) 543 (1.8) 161 (1.3)

Coronary heart disease incl. myocardial infarction, N (%) 863 (32.2) 402 (25.7) 3402 (27.9) 8569 (29.0) 3420 (27.5)

Hypertension, N (%) 2065 (77.0) 1119 (71.5) 8857 (72.6) 22,371 (75.6) 9316 (75.0)

Congestive heart failure, N (%) 554 (20.6) 195 (12.5) 1822 (14.9) 5037 (17.0) 1954 (15.7)

Vascular disease, N (%) 1119 (41.7) 469 (30.0) 3999 (32.8) 10,296 (34.8) 3993 (32.2)

Diabetes, N (%) 573 (21.4) 221 (14.1) 2139 (17.5) 5340 (18.0) 2150 (17.3)

Renal disease, N (%) 972 (36.2) 318 (20.3) 2815 (23.1) 8060 (27.2) 2840 (22.9)

Liver disease, N (%) 647 (24.1) 340 (21.7) 2705 (22.2) 6697 (22.6) 2849 (22.9)

Major bleeding, N (%) 936 (34.9) 383 (24.5) 2538 (20.8) 7030 (23.8) 2484 (20.0)

Intracranial bleeding, N (%) 52 (1.9) 82 (5.2) 174 (1.4) 668 (2.3) 190 (1.5)

Gastrointestinal bleeding, N (%) 162 (6.0) 97 (6.2) 662 (5.4) 1890 (6.4) 670 (5.4)

Selected medication dispensed within one year before index date

Antiplatelets, N (%) 628 (23.4) 290 (18.5) 2266 (18.6) 5498 (18.6) 2126 (17.1)

NSAIDs, N (%) 781 (29.1) 454 (29.0) 3824 (31.3) 8899 (30.1) 3757 (30.3)

(Continued)
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increased after their market approvals for non-valvular atrial fibrillation (2012 and 2015, respectively). The number of new 
rivaroxaban users peaked between 2012 and 2014. The number of new dabigatran users was highest between 2012 and 
2013 and decreased afterwards. The share of new phenprocoumon users among all new users decreased from 64% in 2012 
to 5% in 2019. For rivaroxaban, the share was highest in 2013/14 (41%) and decreased to 21% in 2019. For dabigatran, the 
share was highest in 2011/12 (14%) and decreased to 3% in 2019. For apixaban, the share increased from 5% in 2013 to 
51% in 2019, and for edoxaban, the share increased from 1% in 2015 to 21% in 2019.

As shown in Figure 2a, among new phenprocoumon users, the prevalences of a history of ischemic stroke, a history 
of major bleeding, congestive heart failure, vascular disease, renal disease and liver disease increased between 2012 and 
2019. This increase was most pronounced for the prevalence of a history of major bleeding (relative increase by 92%) 
and of renal disease (relative increase by 84%). We also observed changes in risk profiles among new DOAC users 
(Figure 2b). Between 2011 and 2019, the proportion with a history of ischemic stroke decreased for new users of 
rivaroxaban (from 10.9% to 8.1%) and apixaban (from 13.6% to 11.5%), it remained relatively stable for edoxaban 
(~9%), whereas it increased for dabigatran (from 11.9% to 16.7%). The proportion with a history of major bleeding 
increased among all new DOAC users (relative increases: dabigatran 33%, apixaban 23%, edoxaban 18%, rivaroxaban 
11%). The proportion of new users with congestive heart failure decreased for dabigatran (from 18.2% to 12.5%) and 
rivaroxaban (from 17.4% to 14.9%), whereas it remained relatively stable for apixaban and edoxaban. The prevalence of 
vascular disease tended to decrease or remained stable, while the prevalences of liver disease and renal disease increased 
among new DOAC users between 2011 and 2019. Further details regarding changes in risk profiles of new OAC user can 
be found in the Supplementary Table 5a–e. In the sensitivity analyses restricting the look-back period for the assessment 
of comorbidities to “one year prior” to index date (rather than any time prior), the prevalences of comorbidities were 
lower as expected (Table 2) but the time trends concerning comorbidities were similar to the main analyses 
(Supplementary Table 6a–e).

Discussion
This study including 448,028 patients with non-valvular atrial fibrillation initiating OAC treatment between August 2011 
and December 2019 in Germany provides important insights into risk profiles of these patients, in particular regarding 
differences between new users of individual OACs as well as changes over time. Our findings clearly show that in 2019, 

Table 1 (Continued). 

Phenprocoumon Dabigatran Rivaroxaban Apixaban Edoxaban

N=2683 N=1564 N=12,202 N=29,599 N=12,415

Antiarrhythmic agents, N (%) 1812 (67.5) 962 (61.5) 7262 (59.5) 18,499 (62.5) 7753 (62.4)

Oral corticosteroids, N (%) 334 (12.4) 186 (11.9) 1576 (12.9) 4054 (13.7) 1534 (12.4)

SSRIs, N (%) 205 (7.6) 150 (9.6) 1010 (8.3) 2615 (8.8) 1001 (8.1)

PPIs, N (%) 906 (33.8) 466 (29.8) 3969 (32.5) 10,028 (33.9) 3798 (30.6)

CHA2DS2VAScscorea

Mean (SD) 3.8 (1.9) 3.6 (2.0) 3.4 (1.9) 3.8 (1.9) 3.6 (1.9)

Median (IQR) 4.0 (3–5) 4.0 (2–5) 3.0 (2–5) 4.0 (3–5) 4.0 (2–5)

Modified HAS-BLEDscorea

Mean (SD) 3.2 (1.5) 2.9 (1.5) 2.8 (1.5) 3.0 (1.5) 2.8 (1.4)

Median (IQR) 3.0 (2–4) 3.0 (2–4) 3.0 (2–4) 3.0 (2–4) 3.0 (2–4)

Note: aFurther detail are described in the Supplementary Tables 3 and 4. 
Abbreviations: OAC, oral anticoagulant; IQR, interquartile range; SD, standard deviation; TIA, transient ischemic attack; NSAID, nonsteroidal anti-inflammatory drug; PPI, 
proton pump inhibitor; SSRI, selective serotonin reuptake inhibitor.
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new users of phenprocoumon were a highly selected group of patients (eg, highest prevalence of renal disease and 
a history of major bleeding), while in 2011/12, phenprocoumon was still the most commonly prescribed drug for the 
initiation of oral anticoagulation. The replacement of phenprocoumon by DOACs as the standard drug for treatment 
initiation between 2011 and 2019 was a rather dynamic process. Particularly the share of apixaban, but also of edoxaban 
steadily increased since their approval for the indication non-valvular atrial fibrillation. Even though the differences in 
risk profiles were most pronounced between new users of phenprocoumon and DOAC, there were also differences 
between new users of individual DOACs. In 2019, for example, new users of dabigatran showed the highest prevalence 
of ischemic stroke, TIA and major bleeding, while new users of apixaban showed the highest prevalence of renal disease, 
were older and more often female than new users of other DOACs.

Comparing our findings to data from other countries would be interesting, but to the best of our knowledge there has 
been no similar study so far. Some information—though not on time trends and mostly not on all DOACs investigated in 
our study—can be drawn from baseline characteristics of observational studies investigating the safety and effectiveness 
among new OAC users.23,24 For example, Halvorsen et al conducted a study based on a Scandinavian cohort including 
219,545 patients with atrial fibrillation. They reported that apixaban and warfarin initiators were older and had higher 
CHA2DS2-VASc scores compared with dabigatran and rivaroxaban initiators.23 A study by Gupta et al based on US data 
described that warfarin initiators were older and their mean CHA2DS2-VASc score was significantly higher than among 
those initiating DOAC therapy.24 We recently conducted a study based on German and Dutch data, but it was restricted to 
new users of rivaroxaban, to data years until 2016/2017 and the definition of “new use” focused on rivaroxaban, ie, 
patients using VKAs before rivaroxaban treatment were also included.25 At least with respect to rivaroxaban, this study 
indicated that trends in risk profiles of users differ between countries, ie, the findings from our study may not be 
generalizable and applicable to other countries. It is also likely that shares of individual DOACs including their trends 

Figure 1 Number of new OAC users per year of treatment initiation. Year 2011 only includes data from August 2011 onwards (start of the study period). 
Abbreviations: PPC, phenprocoumon; RVX, rivaroxaban; DABI, dabigatran; APIX, apixaban, EDOX, edoxaban.
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over time differ between countries given that they may not only be determined by current clinical guidelines. For 
example, it may also depend on whether or not there are differences in costs between DOACs. In Germany, there are 
differences but the system is complex, including potential variation on the regional level. Also, it may vary between 
countries whether the availability of new anticoagulants has increased the overall prevalence of anticoagulant use. 
Furthermore, differences in the health-care system may matter, eg, whether there is an obligatory health insurance and 
reimbursement of DOACs such as in Germany.

Figure 2 (a) Prevalence of selected medical conditions among new users of phenprocoumon stratified by year of index date. Year 2011 only includes data from August 2011 
onwards (start of the study period). (b) Prevalence of selected medical conditions among new user of dabigatran, rivaroxaban, apixaban and edoxaban stratified by year of 
index date. Due to small sample size, the prevalences are partly shown for two years combined. This applies to rivaroxaban regarding the years 2011 and 2012 and to 
apixaban regarding the years 2012 and 2013. Year 2011 only includes data from August 2011 onwards (start of the study period).
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Still, there are clinical factors that could partly explain the patterns we observed. A decline in the share of 
phenprocoumon users among new OAC users was expected due to the increasing evidence on the effectiveness and 
safety of DOACs and their advantages in clinical practice. Nonetheless, the extent of this decline—in 2019 only 5% of 
patients initiating OACs were treated with phenprocoumon—is surprising in view of the contraindications of DOACs. 
The small group of new users treated with phenprocoumon in 2019 was highly selected with respect to contraindications 
of DOACs (renal disease) or other reasons for which a closer monitoring may be reasonable. The latter could also explain 
the higher proportion of patients with a history of major bleeding among phenprocoumon users. Physicians may prefer an 
anticoagulation monitoring in these patients. For dabigatran, an antidote has already been available since 2016. The 
availability of an antidote allowing to reverse anticoagulation in case of major bleeding or prior to intravenous 
thrombolysis in acute ischemic stroke26,27 could explain the higher prevalence of high-risk patients (ie, with a history 
of ischemic stroke, TIA or major bleeding) among new users of dabigatran compared to other DOAC users. Nonetheless, 
the share of dabigatran users among all new OAC users was low (<10%) from 2014 onwards even though it remained the 
only DOAC with an antidote through 2019. Thus, the availability of an antidote does not seem to be the key driver of 
treatment decisions.

The strongly increasing share of apixaban among new users during the study period could partly be explained by the 
fact that this is the only DOAC for which RCT showed superiority over VKAs (ie, not only non-inferiority).5 Indeed, the 
Drug Commission of the German Medical Association emphasizes this fact in its recommendation on the choice of drugs 
for oral anticoagulation treatment.28 However, this recommendation also emphasizes disadvantages of edoxaban (no 
antidote, decreasing effectiveness with increasing creatinine clearance), which is not reflected in our results. In 2019, 
one-fifth of new OAC users in our study were treated with edoxaban. Whether the dose regimen of edoxaban (once-daily) 
could explain this pattern is not clear, given that apixaban (twice-daily) was used even more often. Smits et al found out 
that adherence and persistence, which are essential for effective treatment, were higher in OAC users with once daily 
versus twice daily regimens in Germany.29 Also, the reasons for the higher proportion of women, the higher age and the 
higher prevalences of comorbidities among new users of apixaban in our study are not fully clear. In part, this might be 

Table 2 Baseline Comorbidities of New OAC Users with Index Date in 2019. Here, Comorbidities Were Assessed Solely Based on 
Information from the Year prior to Index Date

Phenprocoumon Dabigatran Rivaroxaban Apixaban Edoxaban

N=2683 N=1564 N=12,202 N=29,599 N=12,415

Ischemic stroke, N (%) 272 (10.1) 198 (12.7) 612 (5.0) 2202 (7.4) 627 (5.1)

TIA, N (%) 43 (1.6) 48 (3.1) 170 (1.4) 437 (1.5) 162 (1.3)

Embolism, N (%) 39 (1.5) 14 (0.9) 133 (1.1) 299 (1.0) 61 (0.5)

Coronary heart disease incl. myocardial infarction, N (%) 714 (26.6) 309 (19.8) 2685 (22.0) 6564 (22.2) 2621 (21.1)

Hypertension, N (%) 1817 (67.7) 944 (60.4) 7558 (61.9) 19,271 (65.1) 8052 (64.9)

Congestive heart failure, N (%) 416 (15.5) 118 (7.5) 1262 (10.3) 3449 (11.7) 1306 (10.5)

Vascular disease, N (%) 787 (29.3) 287 (18.4) 2407 (19.7) 5873 (19.8) 2083 (16.8)

Diabetes, N (%) 475 (17.7) 192 (12.3) 1915 (15.7) 4676 (15.8) 1881 (15.2)

Renal disease, N (%) 823 (30.7) 53 (3.4) 2050 (16.8) 5916 (20.0) 2022 (16.3)

Liver disease, N (%) 368 (13.7) 184 (11.8) 1534 (12.6) 3869 (13.1) 1672 (13.5)

Major bleeding, N (%) 607 (22.6) 169 (10.8) 1036 (8.5) 2725 (9.2) 709 (5.7)

Intracranial bleeding, N (%) 20 (0.7) 55 (3.5) 60 (0.5) 308 (1.0) 52 (0.4)

Gastrointestinal bleeding, N (%) 73 (2.7) 36 (2.3) 239 (2.0) 719 (2.4) 202 (1.6)

Abbreviations: OAC, oral anticoagulant; TIA, transient ischemic attack.
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due to specific knowledge on patient subgroups with frailty and a higher risk of falls from clinical trials. Whether the 
weight-based dosing of apixaban also impacts the prescribing behaviour would be interesting but we could not 
investigate this in our study.

Regardless of the reasons, it is important to note that there are differences in risk profiles between users of OACs. 
Observational studies play an important role in the comparison of effectiveness and safety between VKAs and DOACs or 
between different DOACs given the challenges to reach sufficient power in randomized trials for such comparisons. 
However, a key question is whether in observational studies adjustment for measured confounders can sufficiently 
balance the groups (ie, whether randomization can be emulated). Our findings suggest that new users of VKAs are very 
different from new users of DOACs, especially in more recent years, so there may be a high risk of residual confounding 
if these groups are compared. Even though differences in risk profiles between the users of different DOACs were less 
pronounced, it is also important to consider the potential impact of unmeasured confounding in studies comparing their 
effectiveness and safety. Interestingly, the findings of existing studies in this field were often not consistent,15,16 which 
may partly be due to this problem. When planning an observational study, eg, a direct head-to-head comparison of 
different DOACs, it would be important to identify further reasons that could explain treatment decisions. If the choice 
between DOACs was mainly driven by non-clinical factors (eg, discount rates for certain drugs), then unmeasured 
confounding (eg, by indication or contraindication) is less likely. Considering potential imbalance between groups is 
particularly relevant for the interpretation of existing meta-analyses comparing VKA and different DOACs, as they 
synthesize data from different countries and time periods. These questions will also be relevant for observational studies 
on new oral anticoagulants that may enter the market such as factor XIa inhibitors. As the aim of their development is to 
prevent thromboembolic events without increasing the risk of bleeding channelling bias could be of high relevance in 
such studies, but also potentially higher costs of newly developed drugs might influence treatment decisions.

A main strength of our study is the large database covering 20% of the German population. The data reflect routine 
clinical practice in Germany and they are free of non-responder and recall bias. As the database contains data from 2004 
to 2019, there were several years of pre-observation to assess whether new users were actually naive to OAC treatment. 
Furthermore, we could assess time trends in the use of OACs over several years after the approval of the first DOAC in 
August 2011. Our study also has limitations. First, even though we used algorithms for the definition of comorbidities 
with a focus on high specificity, there may still be some misclassification due to the nature of claims data. We also used 
an algorithm for the indication “atrial fibrillation”. Given the strict data privacy regulations in Germany, a direct 
validation of this algorithm by linkage of claims data and medical records was not possible. However, we had the 
possibility to check plausibility by comparison to databases from other countries in the context of an international study 
by Komen et al.20 This comparison supported the plausibility of our case definition. Second, over-the-counter medication 
is not captured in claims data. Therefore, the use of low-dose acetylsalicylic acid (captured in antiplatelets) or NSAIDs 
may have been underestimated. Third, our study was merely descriptive, as such, it did not allow us to identify the 
reasons for differences in risk profiles. Fourth, it should be noted that the increase in the prevalence of morbidities among 
new DOAC users over time could partly be due to the study design. Our definition of new DOAC users did not include 
patients switching from VKAs to DOACs but only patients initiating DOAC who were naive to any oral anticoagulants. 
If these switchers had a higher morbidity and switching from VKAs to DOACs became less common over the years, then 
this selection mechanism would have led to a putative increase in the prevalence of morbidities among new DOAC users 
over the years.

In conclusion, our study demonstrated differences in risk profiles between new users of different OACs. Furthermore, 
there were substantial changes in risk profiles over time among new users of phenprocoumon. These differences have to 
be considered in head-to-head comparisons of these drugs based on observational data, especially regarding potential bias 
due to unmeasured confounding.
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