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Abstract
Background Use of the direct oral anticoagulant rivaroxaban has strongly increased in Europe since its market approval 
for non-valvular atrial fibrillation in 2011. Patients characteristics of rivaroxaban initiators may have changed over time but 
this has not been investigated so far.
Objective We aimed to describe time trends of patient baseline characteristics among new rivaroxaban users with non-
valvular atrial fibrillation from 2011 to 2016/17 in two European countries.
Methods We used data from Germany (German Pharmacoepidemiological Research Database) and the Netherlands 
(PHARMO Database Network). We included new rivaroxaban users with (i) a first dispensing between 2011 and 2016/17, 
(ii) ≥ 2 years of age, and (iii) a diagnosis of non-valvular atrial fibrillation and described their baseline medication and 
comorbidity prior to starting rivaroxaban stratified by year of inclusion.
Results Overall, 130,652 new rivaroxaban users were included during the study period (Germany: N = 127,743, the Nether-
lands: N = 2909). The sex ratio and median age remained relatively stable over time. The proportion of patients without prior 
use of oral anticoagulants before initiation of rivaroxaban increased in both countries between 2011 and 2016/17 (Germany: 
from 51 to 76%, the Netherlands: from 57 to 85%). In Germany, we observed a relative decrease by 27% in the proportion 
of new rivaroxaban users with a history of ischemic stroke and by 18% in the proportion with a transient ischemic attack at 
baseline. No such a pattern was observed in the Netherlands. The proportion of patients with heart failure at baseline showed 
a three-fold increase in the Netherlands, while there was a relative decrease by 12% in Germany.
Conclusions Patient characteristics of new rivaroxaban users with non-valvular atrial fibrillation changed between 2011 
and 2016/17, but changes differed between countries. These patterns have methodological implications. They have to be 
considered in the interpretation of observational studies comparing effectiveness and safety of oral anticoagulants, especially 
regarding potential bias due to unmeasured confounding.

Key Points 

Since 2011, the proportion of new RVX users with atrial 
fibrillation being naive to oral anticoagulants has sub-
stantially increased in Germany and the Netherlands.

In both countries this was accompanied by a trend 
towards a lower prevalence of comorbidities among 
new RVX users, but the trend was more pronounced in 
Germany.

These patterns have to be considered when comparing 
the results from observational studies using data from 
different countries or different years, especially regarding 
potential bias due to unmeasured confounding.
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1 Introduction

Direct oral anticoagulants (DOACs) have become an impor-
tant therapeutic alternative to vitamin K antagonists (VKAs) 
in the prevention of stroke and systemic embolism among 
patients with non-valvular atrial fibrillation (nvAF). Ran-
domised controlled trials (RCTs) and observational studies 
investigating the safety and effectiveness of DOACs have 
shown non-inferiority to warfarin, the most commonly used 
VKA worldwide [1, 2]. Additionally, data from observa-
tional studies investigating DOACs in comparison to other 
VKAs (e.g., acenocoumarol or phenprocoumon) suggested 
also non-inferiority to these VKAs [3–5]. The main advan-
tage of DOACs over VKAs is that DOACs do not require 
routine monitoring for potential dose adjustments as their 
pharmacokinetic properties are more predictable.

Rivaroxaban (RVX), the first DOAC with a once-daily 
dose regimen, has had an increasing share of DOAC pre-
scriptions since its market approval and is one of the most 
commonly used DOACs in Europe [6–9]. In view of the high 
number of RVX users, it is important to get a better under-
standing of their demographic and clinical characteristics, 
particularly of those that are relevant to assess effective-
ness and safety outcomes. There are several reasons why 
these characteristics may have changed over time and vary 
between countries. First, the number of available DOACs 
has increased over time (dabigatran approved in 2011, RVX 
in 2011, apixaban in 2012 and edoxaban in 2015), which 
may have had an impact on the decision whom to prescribe 
which DOAC. Second, the temporal patterns in the market 
introduction of individual DOACs as well as the marketing 
strategies may have varied between countries and thus may 
have influenced relevant factors, e.g., prescribing behaviour, 
which may have led to variation in risk profiles of DOAC 
users between countries. Finally, the increasing knowledge 
from observational studies confirming RCT findings on 
DOACs as well as the changes in antithrombotic treatment 
guidelines in favour of DOACs [10] may have had an impact 
on the decision to prescribe DOACs rather than VKAs. Also 
differences in the reimbursement of DOACs between health-
care systems may cause such differences.

Recognizing variation in risk profiles of DOAC users over 
time is important for careful interpretation and comparison 
of studies assessing the effectiveness or safety of different 
DOACs or DOACs and VKAs. For example, persons who 
started RVX therapy in 2011 might differ from persons ini-
tiating it in later years regarding relevant confounding fac-
tors. Given that in most database studies information in this 
regard is suboptimal, the role of residual confounding possi-
bly leading to channelling bias requires careful consideration 
in case risk profiles have changed over time.

To elaborate further on this topic, we studied and com-
pared demographic and clinical characteristics of patients 
with nvAF over time, starting therapy with RVX between 
2011 and 2017 in two European countries.

2  Methods

We conducted our analysis in the context of a post authoriza-
tion safety study (PASS) on RVX [11]. We used data from 
Germany (German Pharmacoepidemiological Research 
Database, short GePaRD) and the Netherlands (PHARMO 
Database Network; here: Out-patient Pharmacy Database 
linked to General Practitioner Database) for this analysis. 
Both data sources have been described in detail elsewhere 
and in the supplement table 1 in Online Resource 1 [11].

2.1  Study Population and Study Design

We included patients initiating therapy with RVX between 1 
December 2011 and 31 December 2016 for GePaRD and 31 
December 2017 for PHARMO and with a diagnostic code 
for atrial fibrillation and flutter (ICD10: I48 for GePaRD and 
PHARMO, and for PHARMO ICD9: 42731 and 42732 as 
wells as ICPC: K78) any time before initiating RVX therapy. 
Initiation was defined as no previous record of RVX during 
the patient’s entire database history. Patients with codes for 
mitral stenosis or mechanical heart valves were excluded if 
recorded any time before or at the time of initiating RVX. 
Furthermore, patients were excluded if they had an initial 
treatment with VKA during the study period (definition 
as for RVX) before they initiated RVX therapy, had been 
enrolled in the respective database for less than 12 months, 
were younger than two years of age, or were older than the 
upper age limit defined for the respective database (Ger-
many: 100 years of age; the Netherlands: 105 years of age).

The date of the first dispensing of RVX was defined as 
the cohort entry date. We assessed baseline medication use 
in the 90 days prior to cohort entry, and past medical events 
and comorbidities any time prior to cohort entry. New RVX 
users were categorized as naive or non-naive, defining naive 
patients as those with no dispensing of any other oral antico-
agulant any time before the cohort entry date.

2.2  Assessment of Baseline Medication and Medical 
Conditions

At baseline, we considered antiplatelet drugs, non-steroidal 
anti-inflammatory drugs (NSAIDs), antiarrhythmic drugs, 
antihypertensive agents, diuretics, statins, anti-diabetic 
agents, oral steroids, proton pump inhibitors, selective sero-
tonin reuptake inhibitors and antibiotics. We also assessed 
whether drugs classified as strong inhibitors of either 
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cytochrome P450 3A4 or P-glycoprotein or strong inducers 
of cytochrome P450 3A4 were dispensed.

Furthermore, we considered relevant past cardiovascular 
events including ischemic stroke, transient ischemic attack 
(TIA), venous thromboembolism (deep vein thrombosis, 
pulmonary embolism), myocardial infarction and main 
bleedings (intracranial, gastrointestinal and urogenital), as 
well as chronic diseases such as hypertension, heart failure, 
coronary artery disease, and diabetes mellitus. For classi-
fication of the stroke and bleeding risk, we calculated the 
 CHA2DS2VASc score and the modified HAS-BLED score 
as described in the supplement table 2 and 3 in the Online 
Resource 2.

2.3  Data Analysis

We described the characteristics of new RVX users using 
frequency counts and percentages for categorical variables 
and medians with interquartile range (IQR) and range, and 
means with standard deviation for continuous variables, e.g., 
age. To assess trends in patient characteristics over time, we 
stratified the analyses by year of cohort entry. The analyses 
were conducted for each database separately. The statistical 
analyses were performed with the statistical software SAS 
9.4 (SAS Institute, Cary, NC, USA).

3  Results

A total of 130,652 (52% male) new RVX users with nvAF 
were included in the cohorts (Germany: N = 127,743, and 
the Netherlands: N = 2909). The median age was 71 years 
in the Netherlands and 75 years in Germany (minimum age 
during the study period: 19 years in the Netherlands, 17 
years in Germany). The age distribution remained stable 
over time in Germany, whereas the proportion of old patients 
(≥ 80 years) increased in the Netherlands (Fig 1).

The proportion of new RVX users classified as naive, i.e., 
with no previous dispensing of any oral anticoagulant drug 
before RVX initiation, increased from 51% in 2011/2012 
to 76% in 2016 in Germany (Fig 2). A similar pattern was 
observed for the Netherlands (increase from 57 to 85%).

Baseline comorbidity and medication among new RVX 
users at cohort entry, i.e., time of the first RVX prescrip-
tion, are shown in Table 1 for Germany and in Table 2 for 
the Netherlands. The proportion of new RVX users with a 
history of ischemic stroke or TIA, respectively, decreased 
over time in Germany (relative decrease by 27 and 18%, 
respectively) while in the Netherlands no clear pattern could 
be observed. The prevalence of heart failure and diabetes 
mellitus decreased in Germany (relative decrease by 12 and 
7%, respectively). In the Netherlands, the prevalence of heart 
failure increased (relative increase by 210%), whereas no 
clear trend could be observed for the prevalence of diabetes 
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Fig. 1  Age distribution (years) of new RVX users among patients 
with nvAF by calendar year in the German Pharmacoepidemiologi-
cal Research Database [GePaRD] (Germany [GER]) and PHARMO 

(the Netherlands [NL]). *2011 data (December only) and 2012 data 
summarized
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mellitus. As shown in Fig. 3, the median stroke risk assess-
ment score  CHA2DS2-VASc remained stable over the study 
period in Germany at a level of 5 (except for a decrease in 
the median between 2015 and 2016 from 5 to 4) and altered 
between a level of 2 and 3 in the Netherlands.  

Regarding factors relevant to bleeding risk, we observed a 
relative decrease in the prevalence of a history of intracranial 
bleeding by 29% over the years in Germany, whereas in the 
Netherlands it was at a low level throughout the study period 
(≤ 1%). The prevalence of a history of gastrointestinal bleed-
ings showed a relative decrease by 27% in Germany, while it 
showed no clear time trend in the Netherlands. The bleeding 
risk assessment score HAS-BLED remained stable over the 
study period in each country, but varied between Germany 
(median 3) and the Netherlands (median 1).

With respect to medication dispensed within 90 days 
before or on the day of RVX initiation, we observed a 
decrease in the prevalence of antiarrhythmic drug use over 
the years in both countries (Germany: from 14 to 8%; the 
Netherlands: from 12 to 6%). The prevalence of NSAIDs 
use decreased by two percentage points in Germany (from 
17 to 15%) and by five percentage points in the Nether-
lands (from 10 to 5%). The prevalence of SSRI use over 
the years was about 3–4% in Germany and increased from 
0 to 4% in the Netherlands. The prevalence of oral corti-
costeroid use increased in the Netherlands (from 2 to 9%), 
whereas it remained relatively stable in Germany (~ 7%). 

The proportion using drugs classified as strong inhibitors 
of CYP3A4 or P-glycoprotein inhibitors decreased in both 
countries (11 vs. 7% in Germany; 8 vs. 6% in the Nether-
lands). Overall, the share of patients using CYP3A4 inducers 
remained stable and consistently low (< 2%).

4  Discussion

In this observational study including 130,652 new RVX 
users with nvAF from two European countries, we identi-
fied changes in clinical characteristics of new RVX users 
over time. For several factors, the patterns of changes over 
time differed between countries. In Germany, baseline preva-
lences of history of ischemic stroke and TIA, strong indica-
tors for the recurrent stroke risk, decreased between 2011/12 
and 2016, while there was no clear trend in the Netherlands. 
Furthermore, the baseline proportion of patients having 
a history of intracranial bleeding decreased in Germany. 
This is an important determinant given a history of bleed-
ing may increase the risk of major bleeding, a main safety 
concern with oral anticoagulation [12]. On the other hand, 
we observed a substantial increase in baseline use of oral 
corticosteroids, which are known to increase the risk of gas-
trointestinal bleeding, in the Netherlands but not in Germany 
[13]. The proportion of patients using antiarrhythmic medi-
cation at baseline has decreased in Germany and the Nether-
lands. In both countries, there was an increase of the propor-
tion of new RVX users being naive to oral anticoagulants.

While there are many studies evaluating safety and effec-
tiveness of DOACs individually and as a group, there are 
only a few studies investigating changes in patterns and user 
characteristics over time and these existing studies either 
considered DOACs as a group [6, 14, 15] or focused on 
trends and treatment pathways rather than on clinical risk 
profiles of users of individual DOACs [16, 17]. To the best 
of our knowledge, there is no study comparing time trends 
between countries nor with focus on new RVX users with 
nvAF. Loo et al. provided an overview of temporal changes 
between 2009 and 2015 regarding baseline characteristics of 
patients newly prescribed DOACs, regardless of the indica-
tion, based on data from the UK Clinical Practice Research 
Datalink [6]. Camm et al. investigated patterns in antithrom-
botic therapy between 2010 and 2015 among patients with 
newly diagnosed nvAF and ≥ 1 additional stroke risk factor 
using data from the Global Anticoagulant Registry FIELD-
Atrial Fibrillation (GARFIELD-AF) [14]. Huiart et al. inves-
tigated patterns of use of DOACs versus VKA in the treat-
ment of nvAF in France between 2011 and 2015 using data 
provided by the French National Health Insurance System 
[15]. In accordance with our findings these studies underline 
that patient characteristics of new DOAC users changed over 
time [6, 14, 15]. Camm et al. pointed out that patients treated 
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Fig. 2  Proportion of new RVX users among patients with nvAF 
naive* to oral anticoagulation (OAC) by calendar year in the German 
Pharmacoepidemiological Research Database [GePaRD] (Germany 
[GER]) and PHARMO (the Netherlands [NL]). *Naive patients were 
defined as those with no previous dispensing of any oral anticoagu-
lant drug recorded before RVX initiation. **2011 data (December 
only) and 2012 data summarized. For GePaRD, only data until 2016 
available
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Table 1  GePaRD—baseline characteristics of new RVX users among patients with nvAF by calendar year from 2011 (December only) to 2016

CAD coronary artery disease, DVT deep vein thrombosis, IQR interquartile range, PAD peripheral artery disease, PE pulmonary embolism, SD 
standard deviation, TIA transient ischemic attack, VTE venous thromboembolism, CYP3A4 cytochrome P450 3A4, NSAID nonsteroidal anti-
inflammatory drug, P-GP P-glycoprotein, PPI proton pump inhibitor, SSRI selective serotonin reuptake inhibitor
a 2011 data (December only) and 2012 data summarized
b Relative change calculated on the base of the years 2011/12 and 2016, the last year of observations
c Age categories important for calculation of the  CHA2DS2VASc score
d 2011 data not considered for score calculation
e CHA2DS2-VASc score: congestive heart failure (1 Point); hypertension (1 Point); aged ≥ 75 years (2 Points); diabetes mellitus (1 Point); stroke/
transient ischemic attack (2 Points); vascular disease (1 Point), aged 65–74 years (1 Point), female sex (1 Point)
f HAS-BLED score: hypertension (1 Point), abnormal renal or liver function (each 1 Point), previous stroke (1 Point), bleeding history or predis-
position (anemia) (1 Point), elderly (> 65 years) (1 Point), drugs (other antiplatelet agents or NSAIDs) or alcohol (each 1 Point), labile INR not 
included

2011/12a 2013 2014 2015 2016 Rel. change [%]b

GePaRD N = 17,645 N = 31,756 N = 29,492 N = 27,359 N = 21,491 –
 Male (%) 50.8 50.8 51.2 52.2 52.7 + 3.7
 Age (years), median (IQR) 75 (69–81) 75 (69–81) 75 (68–81) 75 (67–81) 75 (67–81) –
 > 75 years (%)c 52.0 52.8 52.7 53.2 53.3 + 2.5
 Male (%) 44.6 44.2 44.2 45.0 46.6 + 4.5
 Female (%) 55.4 55.8 55.8 55.0 53.4 − 3.6
 65–74 years (%)c 33.5 31.2 29.8 28.2 27.4 − 18.2
 Male (%) 53.4 53.4 53.7 55.8 53.8 + 0.7
 Female (%) 46.6 46.6 46.3 44.3 46.2 − 0.9
 Age (years), mean ± SD 74.3 ±10.0 74.1 ±10.5 73.8 ±10.7 73.6 ±11.0 73.3 ±11.0 –

Selected medical history any time before RVX initiation (%)
 Intracranial bleeding 1.7 1.4 1.2 1.2 1.2 − 29.4
 Gastrointestinal bleeding 4.5 4.0 3.8 3.5 3.3 − 26.7
 Urogenital bleeding 1.4 1.3 1.0 1.3 1.2 − 14.3
 Ischemic stroke 22.1 19.9 18.5 16.9 16.2 − 26.7
 TIA 14.1 13.0 12.3 11.5 11.5 − 18.4
 VTE (DVT/PE) 15.5 14.2 13.9 12.9 12.8 − 17.4
 CAD including myocardial infarction 57.8 53.6 51.3 49.2 48.8 − 15.6
 Hypertension 93.6 92.8 92.0 91.4 90.4 − 3.4
 Heart failure 52.7 50.2 48.7 47.1 46.3 − 12.1
 PAD 36.3 34.4 34.4 34.2 34.5 − 5.0
 Diabetes 39.2 38.8 37.7 36.9 36.5 − 6.9
 Liver disease 5.1 5.2 5.5 5.5 5.9 + 15.7

CHA2DS2-VASc  scored,e at RVX initiation
 Mean ± SD 4.8 ± 2.0 4.7 ± 2.0 4.6 ± 2.0 4.5 ± 2.0 4.4 ± 2.0 –
 Median (IQR) 5 (3-6) 5 (3-6) 5 (3-6) 5 (3-6) 4 (3-6) –
 Range 0-9 0-9 0-9 0-9 0-9 –

Modified HAS-BLED  scored,f at RVX initiation
 Mean ± SD 3.2 ± 1.3 3.1 ± 1.3 3.0 ± 1.3 3.0 ± 1.3 3.0 ± 1.4 –
 Median (IQR) 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4) –
 Range 0–8 0–8 0–8 0–8 0–8 –

Selected medication dispensed within 90 days before or on the date of RVX initiation (%)
 Antiplatelets 12.8 12.1 11.8 11.8 12.2 − 4.7
 NSAIDs 17.3 16.7 16.1 15.5 15.4 − 11.0
 Antiarrhythmic agents 13.7 11.2 9.6 8.8 7.9 − 42.3
 Oral corticosteroids 7.6 7.9 7.3 7.8 7.2 − 5.3
 PPIs 32.9 33.1 33.2 32.9 33.0 + 0.3
 SSRIs 3.9 3.8 3.6 3.3 3.2 − 17.9
 CYP3A4 or P-GP inhibitors 10.5 9.2 8.3 7.5 7.1 − 32.4
 CYP3A4 inducers 0.7 0.7 0.8 0.7 0.6 − 14.3



220 A. Voss et al.

Table 2  PHARMO—baseline characteristics of new RVX users among patients with nvAF by calendar year from 2011 (December only) to 2017

CAD coronary artery disease, DVT deep vein thrombosis, GP general practitioner, IQR interquartile range, PAD peripheral artery disease, PE 
pulmonary embolism, SD standard deviation, TIA transient ischemic attack, VTE venous thromboembolism, CYP3A4 cytochrome P450 3A4, 
NSAID nonsteroidal anti-inflammatory drug, P-GP P-glycoprotein, PPI proton pump inhibitor, SSRI selective serotonin reuptake inhibitor
a 2011 data (December only) and 2012 data summarized
b Relative change calculated on the base of the years 2011/12 and 2017, the last year of observations
c Age categories important for calculation of the  CHA2DS2VASc score
d 2011 data not considered for score calculation
e CHA2DS2-VASc score: congestive heart failure (1 Point); hypertension (1 Point); aged ≥ 75 years (2 Points); diabetes mellitus (1 Point); stroke/
transient ischemic attack (2 Points); vascular disease (1 Point), aged 65–74 years (1 Point), female sex (1 Point)
f HAS-BLED score: hypertension (1 Point), abnormal renal or liver function (each 1 Point), previous stroke (1 Point), bleeding history or predis-
position (anaemia) (1 Point), elderly (> 65 years) (1 Point), drugs (other antiplatelet agents or NSAIDs) or alcohol (each 1Point), labile INR not 
included

2011/12a 2013 2014 2015 2016 2017 Rel. change [%]b

PHARMO N = 41 N = 117 N = 279 N = 569 N = 688 N = 1215 –
 Male (%) 52.5 57.3 58.4 54.1 59.6 52.9 + 0.8
 Age (years), median (IQR) 71 (65–76) 71 (63–77) 69 (63–76) 71 (65–77) 71 (65–78) 72 (66–79) –
 ≥ 75 years (%)c 36.6 35.0 28.7 34.8 37.9 40.2 + 9.8
 Male (%) 40.0 51.2 50.0 42.9 49.4 45.7 + 14.3
 Female (%) 60.0 48.8 50.0 57.1 50.6 54.3 − 9.5
 65–74 years (%)c 39.0 35.9 41.6 42.2 39.7 38.2 − 2.1
 Male (%) 56.3 61.9 59.5 55.0 64.5 57.8 + 2.7
 Female (%) 43.8 38.1 40.5 45.0 35.5 42.2 − 3.7
 Age (years), mean ± SD 69 ± 11 69 ± 11 69 ± 11 71 ± 10 71 ± 11 72 ± 11 –

Medical history any time before RVX initiation (%)
 Intracranial bleeding 0.0 0.0 0.7 0.9 0.9 1.0 –
 Gastrointestinal bleeding 2.4 0.9 < 0.5 < 0.5 1.0 2.7 + 12.5
 Urogenital bleeding 0.0 0.9 0.0 1.2 0.7 1.0 –
 Ischemic stroke 7.3 6.0 3.2 6.9 3.6 5.3 − 27.4
 TIA 9.8 8.5 5.4 9.5 5.4 6.3 − 35.7
 VTE (DVT/PE) 7.3 6.8 7.2 7.0 6.3 9.2 + 26.0
 CAD with myocardial infarction 32.5 17.9 20.4 18.5 23.7 20.7 − 36.3
 Hypertension 80.5 84.6 86.0 84.9 82.3 78.6 − 2.4
 Heart failure 7.3 16.2 15.4 20.7 22.7 22.6 + 209.6
 PAD 9.8 6.0 3.2 5.8 5.7 7.3 − 25.5
 Diabetes 22.0 16.2 15.4 14.8 20.6 19.3 − 12.3
 Liver disease 4.9 0.9 2.5 3.3 3.6 3.2 − 34.7

CHA2DS2-VASc  scored,e at RVX initiation
 Mean ± SD 2.8 ± 1.4 2.6 ± 1.6 2.4 ± 1.6 2.7 ± 1.5 2.8 ± 1.6 2.9 ± 1.7 –
 Median (IQR) 3 (2–3.5) 2 (1–3) 2 (1–3) 3 (2–4) 2 (2–4) 3 (2–4) –
 Range 0–6 0–7 0–7 0–9 0–8 0–9 –

HAS-BLED  scored,f at RVX initiation
 Mean ± SD 1.2 ± 0.9 1.1 ± 0.9 1.1 ± 0.8 1.2 ± 0.8 1.1 ± 0.8 1.1 ± 0.8 –
 Median (IQR) 1 (1–2) 1 (0–2) 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) –
 Range 0–4 0–4 0–4 0–4 0–6 0–5 –

Selected medication dispensed within the 90 days before or on the date of RVX initiation (%)
 Antiplatelets 22.0 26.5 26.5 27.1 27.5 25.8 + 17.3
 NSAIDs 9.8 6.0 3.6 5.1 5.4 5.3 − 45.9
 Antiarrhythmic agents 12.2 17.9 13.3 10.5 9.0 6.1 − 50.0
 Oral corticosteroids 2.4 5.1 2.2 6.5 5.5 8.6 + 258.3
 PPIs 51.2 34.2 39.1 43.4 47.5 44.5 − 13.1
 SSRIs 0.0 2.6 1.4 2.8 2.9 4.0 –
 CYP3A4 or P-GP inhibitors 0.0 7.7 7.2 7.0 5.4 5.5 –
 CYP3A4 inducers 0.0 0.0 < 0.5 0.5 0.7 0.6 –
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shortly after DOAC introduction were more likely to suffer 
from underlying diseases such as coronary artery disease 
and diabetes, which is largely in line with our observations 
[14]. Another study investigated time trends in prescrib-
ing oral anticoagulants (differentiating between VKA and 
DOACs) and treatment pathways among patients with AF in 
routine clinical practice in Belgium, France, Germany, the 
United States, and the United Kingdom, but this study did 
not focus on changes in patient characteristics [16].

Regarding demographic characteristics, the median age 
of patients in our study ranged from 69 to 75 years across 
the two countries and years, and patients were more often 
male than female. The latter is consistent with the ROCKET 
AF pivotal trial population, in which 60% of patients were 
male. The median age in the trial was 73 years [18]. In both 
participating countries and in each study year the propor-
tion of patients with heart failure and diabetes mellitus was 
smaller than in the RCT population where it was 63 and 
40%, respectively.

There are various reasons that may explain the observed 
changes in patient characteristics over time and the dif-
ferential trends between countries. The higher prevalence 
of comorbidities such as ischemic stroke and TIA in early 
adopters of RVX in 2011/12 in comparison to later years 
observed in Germany may be due to “channelling” of the 
new drug to patients in whom the prior treatment lacked 
effectiveness or possibly after a bleeding event. Interest-
ingly, this pattern was not observed in the Netherlands. The 
importance of “channelling” in Germany is supported by 
the high proportion of persons switching from another oral 
anticoagulant to RVX treatment. The increasing proportion 

of OAC naive new RVX user in Germany and the Nether-
lands likely reflects changes in stroke prevention guidelines 
[19, 20]. For Sweden, a different pattern has been described: 
Almost all new RVX users were naive to oral anticoagulants 
in the first years following market introduction and this pro-
portion slightly decreased over time [21]. This differential 
pattern seems plausible given that in Sweden warfarin has 
been the only oral anticoagulant recommended for patients 
with nvAF by the Swedish Drug and Therapeutics Commit-
tee until 2015, whereas DOACs were suggested as alterna-
tives for selected patients only [22].

Our finding regarding time trends in patient characteris-
tics of new RVX users has methodological implications for 
the interpretation of existing observational studies as well 
as for the planning of new observational studies compar-
ing effectiveness and safety of DOAC to VKA or individual 
DOACs. These studies typically include patients initiating 
DOAC therapy in various calendar years since 2011. The 
study from Paschke et al., using German outpatient claims 
data, for example, included persons initiating DOACs 
between 2010 and 2017, the study from Hohnloser et al., 
also using German claims data, included patients initiating 
DOACs between 2013 and 2015 [5, 7]. The studies came to 
different conclusions regarding the effectiveness and safety 
of RVX as compared to VKA. According to our study, the 
prevalence of underlying risk factors of outcomes of interest 
as well as the proportion of treatment-naive patients (i.e., 
no VKA treatment before) in RVX users included in these 
studies over the years may have been rather heterogeneous 
and it is not clear to which extent adjustment for measured 
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Fig. 3  Boxplots:  CHA2DS2-VASc score of new RVX users among 
patients with nvAF at baseline by calendar year in the German Phar-
macoepidemiological Research Database [GePaRD] (Germany 
[GER]) and PHARMO (the Netherlands [NL]). *2011 data (Decem-
ber only) for GePaRD and PHARMO not shown.  CHA2DS2-VASc 
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confounding was sufficient to balance the groups. In addi-
tion, time-related biases could have played a role in these 
studies.

Another finding of our study deserving attention is the fact 
that we observed hardly any changes in the  CHA2DS2-VASc 
score and the HASBLED score over time despite the changes 
in the prevalence of comorbidities. This is consistent with 
the findings of a rapid review on risk profiles of DOAC 
and VKA users which also suggested that these scores are 
suboptimal to detect relevant differences in the risk profiles 
between users of different oral anticoagulants [23]. Different 
reasons for this have been discussed. The HAS-BLED score, 
for example, does not take into account, diabetes mellitus 
or heart failure, so changes in these comorbidities are not 
reflected by this score. The  CHA2DS2-VASc score includes 
information on heart failure, hypertension, diabetes melli-
tus, prior stroke or transient ischemic attack, prior vascular 
diseases as well as sex and age. Being aged > 74 years adds 
two points to the score, while having diabetes, for example, 
adds only one point to the score. Changes in the age distribu-
tion over the years may thus hide changes in the prevalence 
of comorbidities. Also an increasing share of older women 
(> 65 years) without comorbidity could hide a decrease in 
the prevalence of comorbidities among men given that solely 
being female adds one point to the score. These aspects point 
to the importance of reporting the prevalence of relevant 
comorbidities for different patient groups in addition to 
reporting scores.

This study was based on two well-established healthcare 
databases commonly used for pharmacoepidemiological 
research which cover about one fifth of the respective popu-
lation. The dispensing of medication in these databases has 
been shown to be representative of the respective country 
[24, 25]. Given the absence of non-responder and recall bias 
the results of this analysis are likely to reflect routine clini-
cal practice in Germany and the Netherlands. There are also 
limitations to our study. Although the design and conduct of 
the studies was harmonized as much as possible, some dif-
ferences remained. Furthermore, variation in the prevalence 
of certain diagnoses (e.g., hypertension) between countries 
may not reflect true differences but result from differences 
between databases as well as healthcare systems. In Ger-
man health claims data, defining comorbidity by diagnostic 
codes recorded in outpatient setting without further criteria 
tends to lack specificity whereas electronic medical record 
data (e.g., PHARMO database) do not suffer from this prob-
lem. This may also explain the observed differences in the 
values of HAS-BLED and  CHA2DS2-VASc scores between 
countries. Even though this has to be kept in mind, it is less 
critical for our study as it focused on comparing changes 
in the prevalence of comorbidities over time within each 
country rather than comparing prevalences between coun-
tries. Even though the sample from the Netherlands also 

covered a relevant proportion of the Dutch population, the 
absolute sample size per year was still limited, i.e., statis-
tical variation may also explain some differences between 
years. Interpretation should therefore focus on overall pat-
terns rather than on changes in prevalences between single 
years. While our study showed interesting time trends, it 
was merely descriptive, so it did not allow us to identify 
the reasons behind these trends. Finally, due to the design 
of the post-authorization safety study in which our analysis 
was embedded, a person could not be included both as first-
time user of RVX and as first-time user of VKA, i.e., if a 
person initiated VKA treatment during the study period, it 
was no longer eligible as potential first-time user of RVX. 
However, we do not think that the number excluded due to 
this criterion was very high as it only affected new users of 
VKA rather than the large group of prevalent VKA users.

As our study was conducted in the context of a post 
authorization safety study on RVX it focused on only 
one DOAC and on the first years after market approval of 
RVX. In future studies it would be interesting to investi-
gate whether the changes in risk profiles we observed in our 
study continued or whether the distribution of risk profiles 
tended to be more stable in recent years. The fact that the 
increase in the proportion of new RVX users in our study 
mainly increased until 2015 but less afterwards could indi-
cate a trend towards a more stable patient population but 
this requires empirical confirmation. Furthermore, it will 
be interesting to also investigate time trends in risk pro-
files for other DOACs. The number of available DOACs 
has increased over time (apixaban approved in 2012 and 
edoxaban in 2015), and with the approval of edoxaban, RVX 
was no longer the only DOAC with a once-daily dose regi-
men. Also marketing strategies and reimbursement issues 
may have changed over time and may have varied between 
DOACs. Only empirical data will help to shed light on the 
question how this complex interplay affected the risk profiles 
of the users of different DOACs over time. In a more general 
sense, the methodological implications of changes in risk 
profiles among users of a new drug after market approval 
may also be relevant to consider when investigating the 
effectiveness or safety of other new drugs with observational 
data.

5  Conclusion

Patient characteristics of new rivaroxaban users with nvAF 
changed between 2011 and 2016/17, but changes differed 
between countries. While there was a general trend towards 
a lower prevalence of comorbidities in both countries this 
pattern tended to be more pronounced in Germany. These 
patterns have methodological implications. They have to be 
considered in the interpretation of existing and planning of 
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new observational studies comparing oral anticoagulants, 
especially regarding potential bias due to unmeasured 
confounding.
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