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Aims Using Scandinavian population-based registries, we assessed risk of stroke/systemic embolism (SE) and bleeding with
non-vitamin K antagonist oral anticoagulants compared with warfarin in anticoagulation-naïve patients with atrial fib-
rillation (AF).
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Methods
and results

This historical cohort study included 219 545 AF patients [median age 74 years; 43% women; mean CHA2DS2-VASc
(congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke or transient ischaemic attack, vas-
cular disease, age 65–74 years, sex category) score 3.3] initiating apixaban, dabigatran, rivaroxaban, or warfarin in
Denmark, Norway, and Sweden (1 January 2013 to 31 December 2016). The primary endpoints were stroke/SE and
major bleeding. The median follow-up times were 9.7 (3.9–21.5) months for stroke/SE and 9.6 (3.8–21.3) months for
bleeding. Apixaban and warfarin initiators were older and had higher CHA2DS2-VASc scores compared with dabiga-
tran and rivaroxaban initiators. After 1:1 propensity score matching, three cohorts were created: apixaban–warfarin
(n = 111 162), dabigatran–warfarin (n = 56 856), and rivaroxaban–warfarin (n = 61 198). Adjusted hazard ratios
(HRs) were estimated using a Cox regression. For stroke/SE, adjusted HRs against warfarin were 0.96 [95% confidence
interval (CI): 0.87–1.06] for apixaban, 0.89 (95% CI: 0.80–1.00) for dabigatran, and 1.03 (95% CI: 0.92–1.14) for ri-
varoxaban. For major bleeding, the HRs against warfarin were 0.73 (95% CI: 0.67–0.78) for apixaban, 0.89 (95% CI:
0.82–0.97) for dabigatran, and 1.15 (95% CI: 1.07–1.25) for rivaroxaban. The results in the dabigatran cohort did not
hold in all dose-defined subgroups.
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Conclusion In this large Scandinavian study among AF patients initiating oral anticoagulation, those initiating dabigatran, apixaban,
and rivaroxaban had similar rates of stroke/SE to patients initiating warfarin. Rates of major bleeding were lower with
apixaban and dabigatran and higher with rivaroxaban, each compared with warfarin.
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Introduction
Current US and European guidelines recommend non-vitamin K
antagonist oral anticoagulants (NOACs) over warfarin and other
vitamin K antagonists (VKAs) as first-line treatment for stroke
prevention in eligible patients with atrial fibrillation (AF).1–3 These
recommendations are based on the results of randomized clinical
trials (RCTs), showing superior or comparable efficacy and safety
of NOACs compared with warfarin.4–8 Recently, several real-world
studies have shown similar results to the RCTs with comparable
or superior effectiveness and safety for NOACs compared with
VKAs. However, the results have not been entirely consistent with
respect to effectiveness or safety.9–12 In the largest observational co-
hort study on NOACs and warfarin to date, the ARISTOPHANES
(Anticoagulants for Reduction in Stroke: Observational Pooled Anal-
ysis on Health Outcomes and Experience of Patients) study,11 treat-
ment with rivaroxaban was associated with a significantly higher risk
of major bleeding compared with warfarin, and treatments with
apixaban, dabigatran, and rivaroxaban were associated with signif-
icantly lower rates of stroke/systemic embolism (SE). Furthermore,
previous real-world studies were performed on data from health in-
surance databases or other more selective registries.9 More studies
are needed from unselected patient populations to improve gen-
eralizability.13 Denmark, Norway, and Sweden have tax-funded uni-
versal healthcare and routinely recorded data on hospital admis-
sions, hospital clinic outpatient visits, dispensed prescriptions, and
vital status through national registries and databases.14–16 Linkage
of individual-level data across diverse data sources is enabled via
unique personal identifiers in each Scandinavian country. This set-up
has the benefit of allowing complete follow-up of individuals with vir-
tually no selection bias. Moreover, Scandinavian countries have high-
quality warfarin treatment, thus representing an especially suitable
setting for assessing the effectiveness and safety of NOACs against
well-managed warfarin.17,18 Several previous real-world Scandina-
vian studies comparing NOACs with warfarin were restricted to
data from individual countries.10,12,19,20 The aim of this study was
to examine the effectiveness and safety of NOACs compared with
warfarin among oral anticoagulation (OAC)-naïve patients with AF
in a large unselected Scandinavian cohort. The current study ex-
tends previous evidence by pooling patient-level data across the
three Scandinavian countries, providing the benefits of increasing the
study size, facilitating robust analyses of endpoints, and supporting
subgroup analyses.

Methods
Study design and setting
This historical cohort study was based on routinely and prospec-
tively collected data from population-based health registries in Den-
mark, Norway, and Sweden. The study was registered at the
European Union electronic Register of Post-Authorisation Studies
(EUPAS13470).

Data sources
Data originated from the Danish National Patient Registry, Danish Na-
tional Health Service Prescription Database, Danish Civil Registration
System, Norwegian Patient Registry, Norwegian Prescription Database,
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National Population Register of Norway, Swedish National Patient Regis-
ter, Swedish Prescribed Drug Register, Swedish Total Population Register,
and Swedish Cause of Death Register.

National patient registries contain information on primary and sec-
ondary hospital discharge diagnoses, coded according to the Interna-
tional Classification of Diseases, 10th Revision (ICD-10),21 and data on
surgical procedures, coded according to the Nordic Medico-Statistical
Committee coding system.22 Dispensing in prescription registries is
coded using the Anatomical Therapeutic Chemical classification.23 The
population registries hold information on residence and vital status. Di-
agnosis, procedure, and drug codes used are shown in Supplementary
material online, Table S1. Data from the Scandinavian national registries
have been validated, and validity has generally been found to be high in
all countries.23–26

Study population
We included OAC-naïve patients aged ≥18 years initiating apixaban,
rivaroxaban, dabigatran, or warfarin from 1 January 2013 through 31
December 2016. For each patient, the index date was the date of dis-
pensing of the first OAC. Patients were required to have a diagnosis of
AF recorded ≤5 years before or ≤60 days after the index date. Registry-
based diagnosis codes in the Scandinavian countries have high validity,
with positive predictive values in the 89–97% range.27–29 Patients with
mitral stenosis or presence of mechanical heart valves in the previous
5 years and patients dispensed any OAC within 12 months before the
index date were excluded. Additional exclusion criteria are presented in
Figure 1.

Oral anticoagulant supply
For each OAC, the days of supply were computed using information on
dates of dispensing, the pack size dispensed, and the number of pack-
ages. For each patient, the on-treatment period was defined as the index
date plus days of supply with an additional 30-day grace period to ac-
count for incomplete adherence and allowing for stockpiling from one
period to another. The days of supply per patient were calculated as
the total amount dispensed divided by the daily dose. The NOACs are
prescribed in fixed doses to be taken once daily (rivaroxaban) or twice
daily (dabigatran, apixaban); i.e. the daily dose equals one pill or two pills,
respectively.19 To approximate the daily dose for warfarin in the absence
of data on dosing instructions and international normalized ratio (INR)
reference values, the following approach was used. The total amount of
warfarin dispensed was calculated as warfarin tablet strength dispensed
multiplied by the number of warfarin tablets in a package and multiplied
by the number of packages dispensed. The expected daily dose was cal-
culated as the median within age group of person-specific mean daily
doses (age at index date <55 years, 55 to <65 years, 65 to <75 years,
75 to <85 years, ≥85 years) for each country.19

Switching was defined as a patient who was dispensed an OAC
different from the index OAC. Discontinuation was defined as no
dispensing of the index OAC >30 days after the estimated end of
supply.

Comorbidity and concomitant
pharmacotherapy
Baseline characteristics of the study population were ascertained during
up to 5 years before and including the index date. The ICD-10 codes
included for each diagnosis are given in Supplementary material online,
Table S1. Baseline concomitant medication use was assessed using dis-
pensing records within 90 days of the index date.
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Figure 1 Flow diagram for creation of the study population. AF, atrial fibrillation; DVT, deep vein thrombosis; OAC, oral anticoagulant; PE,
pulmonary embolism; and VKA, vitamin K antagonist.

Outcomes
The primary effectiveness endpoint was a composite of any stroke
(ischaemic or haemorrhagic) or SE requiring an acute hospitalization
with an overnight stay. The primary safety endpoint was major bleeding,
defined as any bleeding (intracranial, gastrointestinal, or other) requir-
ing acute hospitalization with an overnight stay. Secondary endpoints
included the following events requiring an acute hospitalization with an
overnight stay: ischaemic stroke, haemorrhagic stroke, intracranial bleed-
ing, and gastrointestinal bleeding. The ICD-10 codes used for the identifi-
cation of the outcomes are listed in Supplementary material online, Table
S2. Patients were followed until death, emigration, treatment switch or
discontinuation, or 31 December 2016, whichever occurred first.

Statistical methods
Main analyses
Continuous variables were described by mean and standard devia-
tion (SD) or median and interquartile range (IQR). Categorical vari-
ables were summarized as frequencies and proportions. CHA2DS2-VASc
(congestive heart failure, hypertension, age ≥75 years, diabetes mellitus,
stroke or transient ischaemic attack, vascular disease, age 65–74 years,
sex category) andmodified HAS-BLED (hypertension, abnormal renal or
liver function, stroke, bleeding, labile INR, elderly, drug or alcohol usage)

.....................................................................

scores were computed using the definitions in Supplementary material
online, Table S1. For all primary and secondary endpoints, crude cumula-
tive incidences over the available follow-up and 95% confidence intervals
(CIs) within each OAC cohort were computed while treating death as a
competing risk; follow-up was censored at death, emigration, treatment
switch or discontinuation, or 31 December 2016, whichever occurred
first.

To compare the risks for the primary and secondary endpoints among
initiators of each NOAC vs. warfarin, a Cox proportional hazards re-
gression was used. For each patient, a propensity score (PS) was esti-
mated via logistic regression, as the probability of receiving the given
NOAC vs. warfarin, given the covariates (see Supplementary mate-
rial online, Table S1), entered into the model as first-order terms. For
each initiator of a given NOAC, initiators of warfarin were matched
1:1, without replacement, using a calliper of width equal to 0.2 of the
SD of the logit of the PS.30 Three NOAC–warfarin PS-matched co-
horts were constructed: apixaban–warfarin, dabigatran–warfarin, and
rivaroxaban–warfarin. Within each matched population, the balance of
the measured covariates was assessed by examining standardized mean
differences (SMDs) before and after the matching. A SMD < 0.1 was
considered indicative of balance for a given covariate. Members of the
NOAC cohorts without a match were excluded from the PS-matched
analyses.
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The analyses were conducted on a pooled individual-level dataset.
Separate input datasets for each of the three countries were prepared
according to a common data model. The input datasets from all coun-
tries were transferred and combined for analysis on a secure server at
Statistics Denmark and analysed using SAS Software version 9.4 (SAS
Inc., Cary, NC, USA).

Subgroup analyses
The consistency of the results for primary endpoints was evaluated ac-
cording to the following subgroups: by age on index date (<65 years,
65 to <75 years, 75 to <85 years, ≥85 years); by sex; according to
CHA2DS2-VASc and modified HAS-BLED score categories at baseline;
in patients with/without chronic kidney disease, diabetes, heart failure,
coronary artery disease, and prior stroke at baseline; in each country;
and according to the initial dosage (standard vs. reduced dose; standard
dose is apixaban: 5 mg twice daily; dabigatran: 150 mg twice daily; ri-
varoxaban: 20 mg once daily; reduced dose is apixaban: 2.5 mg twice
daily; dabigatran: ≤110 mg twice daily; rivaroxaban: 15 mg once daily).
A Cox proportional hazards regression model was fit including, in ad-
dition to the treatment variable, a subgroup-by-treatment interaction
term. Within each subgroup, covariates with a SMD ≥ 0.1 were in-
cluded in the regression model to estimate the subgroup-specific ad-
justed hazard ratios (HRs) and 95% CIs. Subgroup-specific adjusted HRs
with <10 events per degree of freedom were not estimated to avoid
unstable estimates. For the analyses stratified on the initial dose, de novo
PS matching within the initial dose-defined subgroups was performed.

Sensitivity analyses
Three sensitivity analyses were performed: (i) intention-to-treat (ITT)-
like analyses—the overall PS-matched analyses to estimate HRs of
the primary endpoints were repeated without censoring by treatment
switch or discontinuation; (ii) the comparative analyses of the primary
endpoints in the PS-matched population were repeated using an alterna-
tive definition of warfarin discontinuation based on maximum likelihood
estimation of a parametric two-component mixture model for the wait-
ing time distribution (as recently described in a similar setting and using
data on the percentiles of the waiting time distribution previously re-
ported for Danish patients);31,32 and (iii) the comparative analyses of
the primary endpoints were repeated in the full dataset using a conven-
tional multivariable Cox proportional hazards regression instead of PS
matching to avoid exclusion of non-matched patients.

Ethics
The study complied with legal and regulatory requirements and was ap-
proved by the Danish Data Protection Agency (Aarhus University regis-
tration number 2016-051-000001/450), the Norwegian Regional Com-
mittee for Medical and Health Research Ethics, Region West (ref no.
2015/1503), the Norwegian Data Protection Agency (ref no. 17/01153),
and the Regional Ethical Board in Stockholm, Sweden (record numbers
2013/1850-31/1, 2014/1214-32, and 2016/2218-32).

Results
Description of the study population
We included 219 545 patients (Figure 1): 71 585 patients initiated
apixaban, 31 209 patients dabigatran, 37 580 patients rivaroxaban,
and 79 171 patients initiated warfarin. Supplementary material on-
line, Table S3 shows the baseline characteristics of the unmatched

........................................................................................................................................................................

cohorts. Apixaban and warfarin initiators were older and had higher
CHA2DS2-VASc scores compared with dabigatran and rivaroxaban
initiators; apixaban and warfarin patients were also more likely to
have a Charlson comorbidity index score of ≥3. Between one-
quarter and one-third of the NOAC initiators were started on a
reduced dose. The overall median (IQR) follow-up time until cen-
soring, an endpoint, or death ranged from 9.6 (3.8, 21.3) to 9.9
(3.9, 21.7) months. Median follow-up times until stroke/SE and ma-
jor bleeding for each OAC are presented in Supplementary mate-
rial online, Table S3. Crude incidence rates per 100 person-years
(95% CI) for stroke/SE (for each OAC) were as follows: apixaban,
2.1 (2.0–2.2); dabigatran, 1.4 (1.3–1.5); rivaroxaban, 1.9 (1.8–2.1);
and warfarin, 1.9 (1.8–2.0). Crude incidence rates per 100 person-
years (95% CI) for major bleeding (for each OAC) were as follows:
apixaban, 3.0 (2.9–3.2); dabigatran, 2.5 (2.3–2.6); rivaroxaban, 3.9
(3.7–4.1); and warfarin, 3.5 (3.4–3.6).

PS-matched cohorts
After the PS matching, 111 162 patients were included in the
apixaban–warfarin cohort, 56 856 in the dabigatran–warfarin co-
hort, and 61 198 in the rivaroxaban–warfarin cohort. Overall, pro-
portions of the NOAC initiators with a match were 78% for apixa-
ban, 91% for dabigatran, and 81% for rivaroxaban. Baseline charac-
teristics of the three PS-matched cohorts were balanced (Table 1).
The median age was highest in the apixaban–warfarin cohort and
lowest in the dabigatran–warfarin cohort. The cumulative incidence
of stroke/SE and major bleeding in each cohort is shown in Figure 2.
For apixaban vs. warfarin, adjusted HR for stroke/SE was 0.96

(95% CI: 0.87–1.06) and adjusted HR for major bleeding was 0.73
(95% CI: 0.67–0.78). For dabigatran vs. warfarin, adjusted HR for
stroke/SE was 0.89 (95% CI: 0.80–1.00) and the adjusted HR for
major bleeding was 0.89 (95% CI: 0.82–0.97). For rivaroxaban vs.
warfarin, adjusted HR for stroke/SE was 1.03 (95% CI: 0.92–1.14)
and adjusted HR for major bleeding was 1.15 (95% CI: 1.07–1.25).
Figure 3 shows results for the overall stroke and bleeding outcomes
and their subtypes.

Subgroup analyses
Pairwise PS-matched adjusted HRs of the primary endpoints com-
paring initiators of each of the three NOACs vs. warfarin in se-
lected subgroups are shown in Figure 4 (the HRs were additionally
adjusted within each subgroup for variables for which balance was
not achieved).
Baseline characteristics of patients with AF initiating NOACs or

warfarin after de novo PS matching within each subgroup of initial
NOAC dose are shown in Supplementary material online, Tables S4
and S5), while HRs for the primary endpoints for these analyses are
shown in Table 2. The results for stroke/SE were in line with the
main overall results. For bleeding, results of the initial dose analysis
for dabigatran differed somewhat from the results for the overall
population, with dabigatran lower dose having similar bleeding risks
to warfarin (Table 2). The results of initial dose analyses for apixaban
and rivaroxaban were consistent with the overall analyses.
The results of the primary endpoints when data from Denmark,

Norway, and Sweden were analysed separately differed only slightly
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Figure 2 Cumulative incidence of stroke/systemic embolism (A) and major bleeding (B) in the three propensity score-matched comparison
cohorts from Scandinavia. SE, systemic embolism.

from the results for all countries combined (Supplementary material
online, Figure S1).

Sensitivity analyses
The three sensitivity analyses performed for the primary endpoints
were generally consistent with the primary analyses (Supplementary
material online, Table S6).

Discussion
In this large Scandinavian study among AF patients initiating oral an-
ticoagulation, dabigatran, apixaban, and rivaroxaban had similar rates
of stroke/SE to patients initiating warfarin. Rates of major bleeding
were lower with apixaban and dabigatran and higher with rivarox-
aban, each compared with warfarin. The NOACs were associated
with a lower rate of intracranial bleeding, but both dabigatran and
rivaroxaban were associated with a higher risk of gastrointestinal
bleeding compared with warfarin. Given the pairwise matching of
each NOAC vs. warfarin, this study does not provide evidence of

.........................................................

comparative safety or effectiveness among the NOACs. The lower
intracranial bleeding risk appears to be a NOAC class effect, as
shown both in RCTs and in real-world populations.4,5,6,38

To the best of our knowledge, this is one of the largest observa-
tional studies to date on NOACs and warfarin in patients with AF,
with inclusion of almost 220 000 OAC-naïve patients from Scandi-
navia (∼140 000 NOAC patients). Due to the high-quality nation-
wide registries, person-level linkage between registries, and com-
plete follow-up, Scandinavian countries are an optimal setting to
address comparative effectiveness and safety of anticoagulants in
routine clinical practice. Other strengths include universal access
to healthcare, similar clinical practice, as well as uniform record-
ing practices, comparable patterns of hospitalization and referral to
specialist care, and high quality of warfarin therapy.33–35 Further-
more, uptake of NOACs in the Scandinavian countries has been
high.36,37

The results of our study are generally consistent with pre-
vious observational studies and meta-analyses, showing that in
routine clinical use, NOACs are associated with comparable rates of
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Figure 3 Hazard ratios of primary and selected secondary endpoints in the three propensity score-matched comparison cohorts from Scan-
dinavia. NOAC, non-vitamin K antagonist oral anticoagulant; and CI, confidence interval.

stroke/SE compared with warfarin, similar or lower rates of major
bleeding, and lower rates of intracranial bleeding.9,20,38 Most pre-
vious, but smaller, cohort studies comparing NOACs vs. warfarin
or NOACs vs. NOACs from Scandinavian countries showed similar
results.10,12,39,40 However, in the largest study to date, the ARISTO-
PHANES study,11 pooling Centers for Medicare & Medicaid Services
Medicare data and four US commercial claims databases, dabiga-
tran, rivaroxaban, and apixaban were all associated with lower rates
of stroke/SE compared with warfarin. Contrary to the ARISTO-
PHANES study, we did not find reductions in the risk of stroke/SE
with NOACs in our study. A number of factors may have con-
tributed to differences between the results of the ARISTOPHANES
study and our own study, including differences in data sources, pa-
tient characteristics, and clinical practice. In particular, better war-
farin control in the Scandinavian countries leading to better war-
farin effectiveness might have influenced the results. At the same
time, both apixaban and dabigatran were associated with lower rates
of major bleeding compared with warfarin in both the ARISTO-
PHANES study and our study. These observations are consistent
also with most previous studies, from both Scandinavia19 and the
USA.9 Moreover, although the present study did not PS match
NOAC cohorts for comparative effectiveness assessment across
the NOACs, the observed trends regarding major bleeding gener-

....................................................................

ally align with a large Norwegian cohort study that compared safety
and effectiveness among NOACs. Rutherford et al. found that ri-
varoxaban was associated with a higher risk of major bleeding than
apixaban or dabigatran.41

Our estimates for the primary endpoints were robust to changes
in analytical approaches. Since the registries lack information on war-
farin dosage and INR, the calculation of warfarin days of supply was
not straightforward. The consistency of results, irrespective of the
method for calculation of warfarin days of supply as well as in the
ITT analysis, is reassuring.
In the primary analyses, patients initiating standard as well as re-

duced doses were analysed together. In one subgroup analysis, we
studied patients initiating standard and reduced doses separately af-
ter de novo PS matching within the cohorts based on initial dos-
ing. The results were comparable to the overall results with re-
spect to stroke/SE for both doses for all three NOACs compared
with warfarin. For dabigatran, while the overall results were sug-
gestive of possible reduction in stroke, this was not seen when
looking at the per-dose analysis. This leads to our conclusion that
the rates of stroke/SE for dabigatran and warfarin are similar. The
risk of major bleeding with apixaban compared with warfarin was
lower for both doses. For rivaroxaban, the results for major bleed-
ing for both standard and lower doses were consistent with the
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Figure 4 Risks of stroke/systemic embolism (A) and major bleeding (B) in subgroups of the three propensity score-matched comparison cohorts
from Scandinavia. CI, confidence interval.

Table 2 Primary endpoint hazard ratios, stratified on initial dose after de novo PS matching within initial NOAC
dose subgroups among Scandinavian NOAC vs. warfarin cohorts

Hazard ratio (95% CI) after de novo PS
matching within each subgroup of initial

NOAC dose
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Dose
Successfully matched NOAC

initiators/total NOAC initiators (%)
Maximum SMD before
matching/after matching Stroke/SE Major bleeding

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Apixaban vs. warfarin
Standard dose 42 672/50 310 (85%) 0.29/0.02 0.88 (0.78–1.00) 0.75 (0.69–0.83)
Reduced dose 18 794/21 275 (88%) 1.07/0.02 0.96 (0.83–1.10) 0.69 (0.61–0.76)

Dabigatran vs. warfarin
Standard dose 18 701/20 478 (91%) 0.78/0.03 0.95 (0.80–1.12) 0.75 (0.66–0.85)
Reduced dose 10 669/10 731 (99%) 0.62/0.03 0.90 (0.76–1.05) 0.95 (0.85–1.07)

Rivaroxaban vs. warfarin
Standard dose 23 703/28 366 (84%) 0.62/0.04 0.96 (0.85–1.09) 1.09 (0.99–1.20)
Reduced dose 9088/9214 (99%) 0.74/0.04 0.98 (0.83–1.16) 1.15 (1.02–1.29)

CI, confidence interval; NOAC, non-vitamin K antagonist oral anticoagulant; PS, propensity score; SE, systemic embolism; and SMD, standardized mean difference.

overall results, indicating an increased risk of major bleeding. For
dabigatran, the standard dose was associated with a clinically rel-
evant reduction in bleeding risk, which was not the case for the
reduced dose. We speculate that these findings are at least par-
tially attributable to unmeasured confounding. The available data
sources do not contain information on dose appropriateness or
on the actual prescribed dose. Evaluation of the appropriateness
of the dose prescribed (standard or reduced dose of NOAC) re-
quires knowledge of age, serum creatinine, and body weight. The
variables of serum creatinine and body weight are not available in
the nationwide registries in Scandinavia.19 Although we were unable
to identify users of NOACs per label regarding dose, we attempted
to compensate for this with de novo PS estimation and matching

.....................................

within dosage groups as inferred from tablet strength in the initial
dispensing.

Limitations
Patients initiating apixaban and warfarin were older and had more
comorbidities than patients initiating dabigatran or rivaroxaban. Al-
though PS matching was performed, residual confounding cannot
be ruled out. Selection of the NOACs during the study period
was based on physician preference, potentially favouring warfarin
and apixaban for older and more ill patients based on real-world
evidence; other unmeasured factors could influence prescribing.
Furthermore, comparisons of NOAC vs. warfarin are not
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interpretable as head-to-head NOAC vs. NOAC comparisons, as
each pairwise NOAC vs. warfarin matched cohort had different
characteristics. Misclassification of treatment status by dispensing
records or interruptions during hospital stays or misclassification of
OAC treatment-naïve status by a 12-month washout period might
have occurred. If non-differential, it is expected to result in under-
estimation of any true effect. At the same time, definitions of the
outcomes were designed to maximize specificity and are therefore
not expected to bias the HRs.
The results from the cumulative incidence functions

(Supplementary material online, Figure S2) suggest some in-
herent uncertainty in the apixaban data after ∼36 months where
the numbers at risk are low. It is hypothesized that this may have
been due to the later reimbursement of apixaban in these countries
resulting in fewer patients with follow-up >36 months. The daily
dose of warfarin was only a crude estimate because no information
on the quality of warfarin treatment control or dose for individual
patients was available.
Calendar year was included in the computation of the dabigatran–

warfarin and rivaroxaban–warfarin PS matches but was not included
in the computation of apixaban–warfarin PS matches (as it would
result in a substantial depletion of the PS-matched population). In-
stead, calendar year was used as an adjustment variable in the regres-
sion model. We studied patients with AF in the absence of mechan-
ical valves or mitral stenosis. Therefore, results are not generalizable
to patients with AF and mechanical valves or mitral stenosis. Finally,
this study focused on OAC initiators with a hospital diagnosis of AF,
and the results are not necessarily generalizable to patients who are
not OAC-naïve or to those treated exclusively in primary care. Our
analysis covers patients treated through 2016 and is thus subject to
earlier versions of the AF treatment guidelines,1,42 which have since
been updated.3

Conclusions
In this Scandinavian cohort study of OAC-naïve patients with AF,
dabigatran, rivaroxaban, and apixaban were associated with compa-
rable rates of stroke and/or SE compared with warfarin. Apixaban
and dabigatran were associated with lower rates of bleeding com-
pared with warfarin, while rivaroxaban was associated with higher
rates of bleeding compared with warfarin. These findings can help
inform physicians and patients to choose the optimal treatment for
stroke prevention in patients with AF.

Supplementary material
Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.

Acknowledgements
The support provided by Michael Kane at STATinMED Research,
funded by Pfizer Inc., consisted solely of manuscript format-
ting. There was no writing assistance utilized in the produc-
tion of this manuscript. All authors take responsibility for all as-
pects of the reliability of the data presented and their discussed
interpretation.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Funding
This study was funded by Pfizer and Bristol Myers Squibb via insti-
tutional research collaboration to and administered by Aarhus Uni-
versity. Aarhus University receives institutional funding from other
pharmaceutical companies, regulatory authorities, and contract re-
search organizations, including Pfizer and Bristol Myers Squibb, for
performance of pharmacoepidemiology studies.

Conflict of interest: S.H. reports remuneration from Pfizer and
BMS for her services as a member of the Steering Committee for
study EUPAS13470, but did not receive any payment for the de-
velopment of this manuscript. S.H. has received speaker fees from
Bayer, Boehringer Ingelheim, and BMS/Pfizer. S.P.J. reports remuner-
ation from Pfizer and BMS for his services as a member of the Steer-
ing Committee for study EUPAS13470 and was a paid consultant to
BMS/Pfizer in connection with the development of this manuscript.
S.P.J. reports speaker fees from Bayer, Bristol Myers Squibb, Pfizer,
and Sanofi, and consultancy fees from Bayer, Bristol Myers Squibb,
Pfizer, and Sanofi. M.M. and V.E. are employees of Aarhus Univer-
sity. G.S. is a salaried employee of the Norwegian Institute of Public
Health and external collaborator in the project. G.S. reports no fees,
honoraria, grants, or consultancies that would constitute a conflict
of interest with the current study. G.S.T. is a salaried employee of the
University of Bergen. The University of Bergen received institutional
funding from Aarhus university to conduct this study. G.S.T. reports
no fees, honoraria, grants, or consultancies that would constitute a
conflict of interest with the current study. M.L. is an employee of the
Centre for Pharmacoepidemiology, Karolinska Institutet, which re-
ceives grants from several entities (pharmaceutical companies, reg-
ulatory authorities, and contract research organizations), including
Pfizer, for performance of drug safety and drug utilization studies.
W.G. reports remuneration from Pfizer and BMS for his services
as a member of the Steering Committee for study EUPAS13470
and was a paid consultant to BMS/Pfizer in connection with the de-
velopment of this manuscript. W.G. reports research grants from
Bayer and BMS/Pfizer, speaker fees from Novartis, Amgen, Bayer,
and MSD, and fees for participation in advisory board meetings from
Novartis and Amgen. F.A.-K. was a paid consultant to BMS/Pfizer in
connection with the development of this manuscript. F.A.-K. reports
lecture fees from Bayer, Boehringer Ingelheim, and BMS. G.G. is an
employee of the Herlev og Gentofte Hospital, which received finan-
cial support from Pfizer in connection with the development of this
manuscript and for work on the Steering Committee for study EU-
PAS13470. G.G. reports research grants from Boehringer Ingelheim,
Pfizer, and Bristol Myers Squibb related to the topic of the paper, but
no personal fees. S.H.H. reports remuneration from Pfizer and BMS
for his services as a member of the Steering Committee for study
EUPAS13470 and was a paid consultant to BMS/Pfizer in connection
with the development of this manuscript and has received consulting
fees from Abbott, Bayer Healthcare, Boehringer Ingelheim, Boston
Scientific, Bristol Myers Squibb, Cardiome, Gilead, Janssen, Johnson
& Johnson, Medtronic, Pfizer, Portola, sanofi-aventis, Servier, and
Zoll. A.J. is a paid employee of Pfizer Ltd with ownership of stocks
in Pfizer. The support provided by Michael Kane at STATinMED Re-
search funded by Pfizer Inc. consisted solely of manuscript format-
ting. There was no writing assistance utilized in the production of
this manuscript.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/advance-article/doi/10.1093/ehjqcco/qcab048/6318368 by guest on 28 January 2022

https://academic.oup.com/ehjqcc/article-lookup/doi/10.1093/ehjqcc/qcab048#supplementary-data


Outcomes of anticoagulants in atrial fibrillation 11

Data availability
The data underlying this article cannot be shared for privacy reasons
and according to local laws and regulations. Any further inquiries re-
garding data availability should be directed to Professor Vera Ehren-
stein (ve@clin.au.dk).

References
1. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B et al. 2016 ESC

Guidelines for the management of atrial fibrillation developed in collaboration with
EACTS. Eur Heart J 2016;37:2893–2962.

2. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC, Jr et al. 2019
AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS guideline for the man-
agement of patients with atrial fibrillation: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines
and the Heart Rhythm Society. J Am Coll Cardiol 2019;74:104–132.

3. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C et al.
2020 ESC Guidelines for the diagnosis and management of atrial fibrillation devel-
oped in collaboration with the European Association for Cardio-Thoracic Surgery
(EACTS): the Task Force for the Diagnosis and Management of Atrial Fibrillation
of the European Society of Cardiology (ESC) developed with the special contribu-
tion of the European Heart Rhythm Association (EHRA) of the ESC. Eur Heart J
2021;42:373–498.

4. Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, HannaM et al.Apix-
aban versus warfarin in patients with atrial fibrillation. N Engl J Med 2011;365:981–
992.

5. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A et al. Dabiga-
tran versus warfarin in patients with atrial fibrillation. N Engl J Med 2009;361:1139–
1151.

6. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W et al. Rivarox-
aban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med 2011;365:
883–891.

7. Giugliano RP, Ruff CT, Braunwald E, Murphy SA,Wiviott SD, Halperin JL et al. Edox-
aban versus warfarin in patients with atrial fibrillation.N Engl J Med 2013;369:2093–
2104.

8. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD
et al. Comparison of the efficacy and safety of new oral anticoagulants with war-
farin in patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet
2014;383:955–962.

9. Yao X, Abraham NS, Sangaralingham LR, Bellolio MF, McBane RD, Shah ND et al.
Effectiveness and safety of dabigatran, rivaroxaban, and apixaban versus warfarin in
nonvalvular atrial fibrillation. J Am Heart Assoc 2016;5:e003725.

10. Larsen TB, Skjøth F, Nielsen PB, Kjældgaard JN, Lip GYH. Comparative effective-
ness and safety of non-vitamin K antagonist oral anticoagulants and warfarin in
patients with atrial fibrillation: propensity weighted nationwide cohort study. BMJ
2016;353:i3189.

11. Lip GYH, Keshishian A, Li X, Hamilton M, Masseria C, Gupta K et al. Effectiveness
and safety of oral anticoagulants among nonvalvular atrial fibrillation patients. Stroke
2018;49:2933–2944.

12. Kjerpeseth LJ, Selmer R, Ariansen I, Karlstad Ø, Ellekjær H, Skovlund E. Com-
parative effectiveness of warfarin, dabigatran, rivaroxaban and apixaban in non-
valvular atrial fibrillation: a nationwide pharmacoepidemiological study. PLoS One
2019;14:e0221500.

13. Freedman B, Lip GYH. “Unreal world” or “real world” data in oral anticoagulant
treatment of atrial fibrillation. Thromb Haemost 2016;116:587–589.

14. Schmidt M, Schmidt SAJ, Adelborg K, Sundbøll J, Laugesen K, Ehrenstein V et al. The
Danish health care system and epidemiological research: from health care contacts
to database records. Clin Epidemiol 2019;11:563–591.

15. Bakken IJ, Ariansen AMS, Knudsen GP, Johansen KI, Vollset SE. The Norwegian
Patient Registry and the Norwegian Registry for Primary Health Care: research
potential of two nationwide health-care registries. Scand J Public Health 2020;48:
49–55.

16. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish per-
sonal identity number: possibilities and pitfalls in healthcare and medical research.
Eur J Epidemiol 2009;24:659–667.

17. Sjögren V, Grzymala-Lubanski B, Renlund H, Friberg L, Lip GYH, Svensson PJ et al.
Safety and efficacy of well managed warfarin: a report from the Swedish quality
register Auricula. Thromb Haemost 2015;113:1370–1377.

18. Løkkegaard T, Pedersen TH, Lind B, Siersma V, Waldorff FB. Good quality of oral
anticoagulation treatment in general practice using international normalised ratio
point of care testing. Dan Med J 2015;62:A5010.

19. Halvorsen S, Ghanima W, Fride Tvete I, Hoxmark C, Falck P, Solli O et al. A nation-
wide registry study to compare bleeding rates in patients with atrial fibrillation being
prescribed oral anticoagulants. Eur Heart J Cardiovasc Pharmacother 2017;3:28–36.

.........................................................................................................................................................................

20. Friberg L, Oldgren J. Efficacy and safety of non-vitamin K antagonist oral antico-
agulants compared with warfarin in patients with atrial fibrillation. Open Heart
2017;4:e000682.

21. World Health Organization. ICD-10: International Statistical Classification of Diseases
and Related Health Problems, 10th revision, 2nd ed. Geneva, Switzerland: WHO;
2004.

22. Nordic Co-operation. NOMESCO classification of surgical procedures (NCSP),
version 1.16. 2011. http://norden.diva-portal.org/smash/record.jsf?pid=diva2%
3A968721&dswid=698 (12 May 2020).

23. Appelros P, Terént A. Validation of the Swedish inpatient and cause-of-death reg-
isters in the context of stroke. Acta Neurol Scand 2011;123:289–293.

24. Wettermark B, Zoëga H, Furu K, Korhonen M, Hallas J, Nørgaard M et al.
The Nordic prescription databases as a resource for pharmacoepidemiological
research—a literature review. Pharmacoepidemiol Drug Saf 2013;22:691–699.

25. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C et al.
External review and validation of the Swedish national inpatient register, BMC Public
Health 2011;11:450.

26. Bakken IJ, Ariansen AMS, Knudsen GP, Johansen KI, Vollset SE. The Norwegian
Patient Registry and the Norwegian Registry for Primary Health Care: research
potential of two nationwide health-care registries. Scand J Public Health 2020;48:
49–55.

27. Rix TA, Riahi S, Overvad K, Lundbye-Christensen S, Schmidt EB, Joensen AM. Va-
lidity of the diagnoses atrial fibrillation and atrial flutter in a Danish patient registry.
Scand Cardiovasc J 2012;46:149–153.

28. Malmo V, Langhammer A, Bonaa KH, Loennechen JP, Ellekjaer H. Validation of self-
reported and hospital-diagnosed atrial fibrillation: the HUNT study. Clin Epidemiol
2016;8:185–193.

29. Smith JG, Platonov PG, Hedblad B, EngströmG, Melander O. Atrial fibrillation in the
Malmo Diet and Cancer Study: a study of occurrence, risk factors and diagnostic
validity. Eur J Epidemiol 2010;25:95–102.

30. Austin PC. Optimal caliper widths for propensity-score matching when estimating
differences in means and differences in proportions in observational studies. Pharm
Stat 2011;10:150–161.

31. Støvring H, Pottegård A, Hallas J. Estimating medication stopping fraction and real-
time prevalence of drug use in pharmaco-epidemiologic databases: an application
of the reverse waiting time distribution. Pharmacoepidemiol Drug Saf 2017;26:909–
916.

32. Støvring H, Pottegård A, Hallas J. Determining prescription durations based on the
parametric waiting time distribution. Pharmacoepidemiol Drug Saf 2016;25:1451–
1459.

33. Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Sørensen HT.
The Danish National Patient Registry: a review of content, data quality, and research
potential. Clin Epidemiol 2015;7:449–490.

34. Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT, Bøtker HE et al. Positive
predictive value of cardiovascular diagnoses in the Danish National Patient Registry:
a validation study. BMJ Open 2016;6:e012832.

35. Schmidt M, Schmidt SAJ, Adelborg K, Sundbøll J, Laugesen K, Ehrenstein V et al. The
Danish healthcare system and epidemiological research: from healthcare contacts
to database records. Clin Epidemiol 2019;11:563–591.

36. Olesen JB, Sørensen R, Hansen ML, Lamberts M, Weeke P, Mikkelsen AP et al.
Non-vitamin K antagonist oral anticoagulation agents in anticoagulant naïve atrial
fibrillation patients: Danish nationwide descriptive data 2011–2013. Europace
2015;17:187–193.

37. Kjerpeseth LJ, Ellekjær H, Selmer R, Ariansen I, Furu K, Skovlund E. Trends in use
of warfarin and direct oral anticoagulants in atrial fibrillation in Norway, 2010 to
2015. Eur J Clin Pharmacol 2017;73:1417–1425.

38. Ntaios G, Papavasileiou V, Makaritsis K, Vemmos K, Michel P, Lip GYH. Real-world
setting comparison of nonvitamin-K antagonist oral anticoagulants versus vitamin-
K antagonists for stroke prevention in atrial fibrillation: a systematic review and
meta-analysis. Stroke 2017;48:2494–2503.

39. Staerk L, Fosbøl EL, Lip GYH, Lamberts M, Bonde AN, Torp-Pedersen C et al. Is-
chaemic and haemorrhagic stroke associated with non-vitamin K antagonist oral
anticoagulants and warfarin use in patients with atrial fibrillation: a nationwide co-
hort study. Eur Heart J 2017;38:907–915.

40. Lamberts M, Staerk L, Olesen JB, Fosbøl EL, Hansen ML, Harboe L et al. Major
bleeding complications and persistence with oral anticoagulation in non-valvular
atrial fibrillation: contemporary findings in real-life Danish patients. J Am Heart Assoc
2017;6:e004517.

41. Rutherford OCW, Jonasson C, GhanimaW, Söderdahl F, Halvorsen S. Comparison
of dabigatran, rivaroxaban, and apixaban for effectiveness and safety in atrial fibrilla-
tion: a nationwide cohort study. Eur Heart J Cardiovasc Pharmacother 2020;6:75–85.

42. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser SH et al. 2012
focused update of the ESC guidelines for the management of atrial fibrillation: an
update of the 2010 ESC guidelines for the management of atrial fibrillation devel-
oped with the special contribution of the European Heart Rhythm Association. Eur
Heart J 2012;33:2719–2747.

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjqcco/advance-article/doi/10.1093/ehjqcco/qcab048/6318368 by guest on 28 January 2022

mailto:ve@clin.au.dk
http://norden.diva-portal.org/smash/record.jsf?pid7diva273A968721&dswid7698



