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Aims We aimed to evaluate bleeding risk in clinical practice in patients with atrial fibrillation (AF) being prescribed dabi-
gatran, rivaroxaban, or apixaban compared with warfarin.

...................................................................................................................................................................................................
Methods Using nationwide registries (Norwegian Patient Registry and Norwegian Prescription Database), we identified AF

patients with a first prescription of oral anticoagulants between January 2013 and June 2015. Patients were fol-
lowed until discontinuation or switching of oral anticoagulants, death, or end of follow-up. The primary endpoint
was major or clinically relevant non-major (CRNM) bleeding.

...................................................................................................................................................................................................
Results In total 32 675 AF patients were identified (58% men, median age 74 years): 11 427 patients used warfarin, 7925

dabigatran, 6817 rivaroxaban, and 6506 apixaban. After a median follow-up of 173 days (25th, 75th percentile 84,
340), 2081 (6.37%) patients experienced a first major or CRNM bleeding. Using a Cox proportional hazard model
adjusting for baseline characteristics, use of apixaban [hazard ratio (HR) 0.70, 95% confidence interval (CI) 0.61–
0.80, P< 0.001] and dabigatran (HR 0.74, 95% CI 0.66–0.84, P< 0.001) were associated with a lower risk of major
or CRNM bleeding compared with warfarin whereas use of rivaroxaban was not (HR: 1.05, 95% CI 0.94–1.17,
P¼ 0.400). Use of dabigatran and rivaroxaban were associated with higher risk of gastrointestinal bleeding, whereas
use of apixaban and dabigatran were associated with lower risk of intracranial bleeding, compared with warfarin.

...................................................................................................................................................................................................
Conclusion In this nationwide cohort study in AF patients, apixaban and dabigatran were associated with a lower risk of major

or CRNM bleeding compared with warfarin. The risk of gastrointestinal bleeding was higher with rivaroxaban and
dabigatran compared with warfarin.
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Introduction

Patients with atrial fibrillation (AF) are at increased risk of stroke.1

Warfarin and other vitamin K antagonists are effective treatments,
reducing the risk of stroke by about two-thirds. The limitations with
warfarin are a narrow therapeutic range, the need for monitoring, drug

and food interactions, and risk of bleeding.2 In recent years, non-
vitamin K antagonist oral anticoagulants (NOACs) (apixaban, dabiga-
tran, and rivaroxaban) have been introduced as therapeutic alternatives
to warfarin.3–5 NOACs are given at fixed doses and do not require reg-
ular monitoring. Information on the characteristics of patients being
treated with NOACs in routine clinical practice in the early period
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after introduction is of interest to clinicians, in order to secure safe use
of these drugs. In particular, there is an interest to know whether the
outcomes observed in randomized clinical trials, especially the rates of
bleeding events, are reflected in routine clinical practice, and whether
there are differences between NOACs with regard to the risk of
bleeding. Using two nationwide registries, we evaluated the bleeding
outcomes in patients with AF being dispensed dabigatran, rivaroxaban,
or apixaban compared with patients treated with warfarin.

Methods

Data sources
This study was based on data from two nationwide registries; the
Norwegian Patient Registry (NPR) and the Norwegian Prescription
Database (NorPD).6,7 The NPR was established in 2008 and contains
all hospital visits (emergency visits, hospitalizations, and outpatient
consultations), length of stay, and procedures (surgical and medical)
from all hospitals in Norway. Diagnoses are coded according to the
International Classification of Diseases, 10th revision (ICD10).
Medical and surgical procedures are coded based on the Nordic
Medico-Statistical Committee (NOMESCO) coding system. Both pri-
mary and subsequent codes related to each admission were taken
into account in the analyses. The NorPD is a registry covering all pre-
scriptions dispensed at pharmacies nationwide and data are available
from 1 January 2004. Each medication is coded according to the
anatomical therapeutic chemical system. The NorPD also includes
information about date of dispensation, quantity and strength dis-
pensed and the time of all-cause death. Any resident in Norway has a
unique personal identifier that allows datasets to be merged on an
individual level. The registry holder generated the datasets and
released it in a coded and de-identified form, but with a unique identi-
fier common to the two datasets making individual merging of the
datasets possible. The two registries are mandatory in Norway and
legally exempted from requirement of obtaining patient consent. The
study was approved by the Regional Ethics Committee of Mid-
Norway (Reference number 2015/162/REK midt).

Study population
The study included all patients�18 years diagnosed with non-valvular
AF with at least one warfarin or NOAC dispensation in the study
period (1 January 2013–30 June 2015), but being anti-coagulant naı̈ve
before start of the study. Non-valvular AF was defined in accordance
with the updated American Heart Association/American College of
Cardiology 2014 guidelines as AF in the absence of rheumatic mitral
stenosis, a mechanical or bioprosthetic heart valve, or mitral valve
repair.8 OAC naı̈ve was defined as no OAC exposure in the preceding
180 days before index date. The index date was defined as the first dis-
pensation of an OAC (warfarin 2.5 mg, dabigatran 110 or 150 mg, rivar-
oxaban 15 or 20 mg, and apixaban 2.5 or 5 mg) in the study period.
Patients with venous thromboembolism during the last 180 days and
those who had knee or hip replacement surgery during the last 35 days
before starting OAC were excluded. A cohort creation flowchart is
presented in Figure 1, and the study design in Figure 2.

Co-morbidities and co-medication (listed in Table 1) were retrieved
from NPR and NorPD (see Supplementary material online, Table S1
for code definitions). We calculated CHA2DS2VASc (congestive

heart failure, hypertension, age�65, diabetes, prior stroke/TIA, vascu-
lar disease, and female sex category) score9,10 for assessing stroke
risk, and a modified HAS-BLED (hypertension, abnormal renal/liver
function, stroke, bleeding history/predisposition, labile international
normalised ratio (INR), elderly�65, and drugs/alcohol abuse) score11

as a measure of bleeding risk and a co-morbidity score (see
Supplementary material online, Tables S2–S4 for definitions of scores).

Definition of bleeding events and
endpoints of the study
Bleeding was defined as all bleeding events recorded in NPR between
index date and 30 days after the calculated end of OAC supply.
Bleeding events were categorized as major or clinically relevant non-
major (CRNM) bleeding based on available information from NPR.
Major bleeding was defined as any bleeding event which occurred in a
critical area or organ or any bleeding event that was accompanied by
blood transfusion�10 days after hospital admission date. This is a
slight modification of the International Society on Thrombosis and
Haemostasis (ISTH) classification of major bleeding12 because no
information was available in our data set on haemoglobin levels. A
CRNM bleeding was defined in accordance with the ISTH classi-
fication12 as any bleeding requiring medical intervention by a health
care professional, leading to hospitalization or increased level of care
or prompting a face-to-face evaluation, that did not fit the criteria for
major bleeding. The bleeding events were also categorized by organ
system into gastrointestinal (GI), intracranial (ICH), or bleeding from
other sites. Bleeding endpoints took into account all bleeds with the
pre-specified ICD10 codes and were not restricted to admissions
with bleeding as the primary (first) code. The primary endpoint of the
study was a composite of major or CRNM bleeding. Secondary end-
points were major bleeding, CRNM bleeding, GI bleeding, ICH, and
bleeds from other organ systems. See Supplementary material online,
Table S5 for further details on bleeding codes.

Oral anticoagulant supply
For each dispensation, the OAC days of supply were computed using
information on date of dispensation, the number of packages, and the
pack-size dispensed. As NOACs are prescribed in a fixed dose, the
number of days of supply strictly corresponds to amount dispensed.
The NorPD contains information on tablet strength, pack-size and
number of packages dispensed, and we assumed, according to the
labelling, twice daily dosing for apixaban and dabigatran and once
daily dosing for rivaroxaban, e.g. a patient supplied one package of a
60 tablet package of apixaban will have a supply lasting for 30 days
whereas a rivaroxaban patient supplied one 100 tablet package will
have a supply lasting 100 days. Computing the warfarin supply is not
straightforward as we lack information on both dosing instructions
and international normalized reference values. We therefore first cal-
culated a median mg/day for all patients using warfarin in the study
period (4.688 mg/day) and subsequently used this in the computation
of warfarin supply for each dispensation, e.g. a patient dispensed one
100 tablet package of 2.5 mg strength will have a supply lasting for 53
days. We also needed to set the end of OAC supply date during the
pre-index period to be able to determine whether a patient was
OAC naı̈ve or not (�180 days without OAC supply prior to index
date). We repeated the procedure for all warfarin dispensations

Oral anticoagulant registry study 29
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.during the pre-index period (median mg/day was estimated to
4.388 mg/day) and used this to estimate end of supply for each war-
farin dispensation. To account for incomplete adherence, a gap
period of 30 days within the calculated end of OAC supply was
allowed. A patient continued treatment if next dispensation for the
same OAC was within the 30 days after the calculated end of OAC
supply. A patient switched treatment if another OAC was dispensed
within 30 days after the calculated end of supply and finally the patient
discontinued index OAC treatment if next OAC dispensation was
more than 30 days after the calculated end of supply. Patients were
censored if discontinuing or switching OAC, death, or end of follow-
up, whichever occurred first.

Statistical analysis
Cox proportional hazard regression analyses were conducted to
determine the risk of bleeding for the different NOACs vs. warfarin,
both unadjusted and adjusted for known patient characteristics: age,
gender, previous bleeding, previous OAC use, co-morbidities, and
concomitant medications at baseline. Hence, the independent

exposure of interest was which OAC patients used (with warfarin as
the reference drug). Age was the only continuous patient characteris-
tic. The linear assumption was checked by considering a model for
the time to bleeding as a function of age, where the function was
allowed to be non-linear (using splines). A final model was selected
by backwards stepwise selection, using the Akaike information
criterion as a measure of model fit. Each bleeding endpoint was com-
pared with the entire cohort and not in contrast to non-bleeders
only, e.g. for the major bleeding endpoint the comparison was with
all non-major bleedings. The continuous variable (age) was described
by the mean, standard deviation, median, and first and third quartiles.
Categorical variables were described by the number and percentage
of patients in each category. Crude incidence rates (IR) were also cal-
culated as first bleeding episode per 100 person-years. Relative risks
were given as hazard ratios (HRs) with 95% confidence intervals
(CIs). Post hoc subgroup analyses, for the primary endpoint of major
or CRNM bleeding, were performed for elderly patients (�75 year)
as well as for OAC dose levels at index date (standard and reduced
dose) in comparison with warfarin. Power calculation was based on

Figure 1 Cohort creation flow-chart. NorPD, Norwegian Prescription Database; NPR, Norwegian Patient Registry; NVAF, non-valvular atrial
fibrillation; OAC, oral anticoagulant; VTE, venous thromboembolism.

30 S. Halvorsen et al.

Deleted Text: last
Deleted Text: A
Deleted Text: I
Deleted Text: C
Deleted Text:  (AIC)
Deleted Text: to 
Deleted Text: <italic>-</italic>
Deleted Text: &thinsp;


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.reported annual rates of major or CRNM bleeding in the pivotal clini-
cal trials.3–5 These calculations indicated that with a sample size of
approximately 2000 apixaban patients (apixaban was chosen because
it had the shortest exposure time among the NOACs at the time of
planning) and with a minimum of 1 year of follow-up, there would be
acceptable levels of power (70–80%) in the comparison with war-
farin. All statistical tests were two-tailed and P-values <0.05 were
considered significant. Statistical analyses were performed using R
(version 3.1.1, R Development Core Team).13

Results

The study population comprised a total of 32 675 patients. The mean
age was 73.6 years (median 74 years) and 58% were males. Baseline
characteristics in relation to the type of OAC being prescribed are
presented in Table 1. Patients treated with dabigatran were younger,
more likely to be men, had a lower co-morbidity load and lower
baseline risk for stroke (CHA2DS2-VASc score) and bleeding (modi-
fied HAS-BLED) than patients treated with the other OACs.
Warfarin patients had to a larger extent previously been exposed to
OAC (>180 days prior to index) compared with the NOAC-treated
patients. Apixaban- and rivaroxaban-treated patients had higher
baseline risk of bleeding (modified HAS-BLED) compared with the
other OACs.

The median follow-up time was as follows: warfarin 156 (25th,
75th percentile; 84, 309) days, dabigatran 212 (97, 413) days, rivarox-
aban 209 (105, 410) days, and apixaban 143 (73, 247) days. A total of
2081 (6.37%) patients experienced a first major or CRNM bleeding
episode; 419 patients (1.28%) experienced a major bleeding and
1662 patients (5.09%) a CRNM bleeding. By organ system, 594
patients (1.82%) experienced a GI bleeding, 207 patients (0.63%) an

ICH, and 1280 patients (3.92%) experienced bleeding in other sites.
Number and percentages of first time bleeding events for the differ-
ent OACs are presented in Table 2.

Crude IR for first bleeding events on warfarin and NOACs, and
Forest plots showing the adjusted HRs for first bleeding episode for
dabigatran, rivaroxaban and apixaban compared with warfarin, are
presented in Figure 3. In Supplementary material online, Table S6,
using the primary endpoint of major or CRNM bleeding, HRs and P-
values for background variables for four different models are
provided: (i) one variable at the time model; (ii) an age and OAC
adjusted model; (iii) a model based on age, gender, OAC, and risk
scores (CHA2DS2VASc, HAS-BLED, and co-morbidity scores); and
(iv) the chosen final and optimal fitted Cox regression model includ-
ing all variables (not risk scores) using the backward stepwise elimina-
tion function in R. Supplementary material online, Table S7 gives HRs
for the endpoint of major or CRNM bleeding using apixaban as refer-
ence instead of warfarin.

After adjusting for differences in baseline characteristics, both dabi-
gatran (adjusted HR 0.74, 95% CI 0.66–0.84, P< 0.001) and apixaban
(adjusted HR 0.70, 95% CI 0.61–0.80, P< 0.001) were associated
with a significant lower risk of major or CRNM bleeding compared
with warfarin. There was no significant difference in major or CRNM
bleeding risk between rivaroxaban and warfarin (adjusted HR 1.05,
95% CI 0.94–1.17, P¼ 0.400).

A time-restricted major or CRNM bleeding analysis with a
cut-off at 180 days showed that dabigatran (adjusted HR 0.79,
95% CI 0.68–0.92, P¼ 0.002) and apixaban (adjusted HR 0.72,
95% CI 0.62–0.85, P< 0.001) both were associated with a signifi-
cant lower risk of major or CRNM bleeding compared with war-
farin. There was no significant difference in major or CRNM
bleeding risk between rivaroxaban and warfarin (adjusted HR
1.06, 95% CI 0.93–1.21, P¼ 0.400).

Figure 2 Study design. OAC index date was the date of the first OAC dispensation (warfarin, apixaban, rivaroxaban, dabigatran) in the study
period (January 2013–June 2015). Each patient was followed from the index date to the date of discontinuation or switching of OAC therapy, date of
death, or end of the study period. OAC, oral anticoagulant.
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Table 1 Baseline characteristics of the study population according to OAC treatment

Warfarin Dabigatran Rivaroxaban Apixaban

Number of patients 11 427 7925 6817 6506

Men 6737 (59.0) 4915 (62.0) 3711 (54.4) 3579 (55.0)

Age, years

Mean (SE) 74.6 (11.9) 70.8 (11.3) 74.7 (10.7) 74.5 (11.1)

Median (25th–75th percentile) 76 (67–84) 71 (64–79) 75 (68–83) 75 (68-83)

�75 years 6248 (54.7) 2967 (37.4) 3524 (51.7) 3295 (50.6)

Medical history

Chronic kidney disease 569 (5.0) 58 (0.73) 135 (2.0) 163 (2.5)

Chronic heart failure 3316 (29.0) 1250 (15.8) 1388 (20.4) 1341 (20.6)

Diabetes 1674 (14.7) 822 (10.4) 794 (11.7) 797 (12.3)

Stroke, TIA, and thromboembolism 1329 (11.6) 745 (9.4) 1096 (16.1) 905 (13.9)

Ischaemic heart disease 4102 (35.9) 1699 (21.4) 1736 (25.5) 1795 (27.6)

Previous bleeding hospitalization 1922 (16.8) 890 (11.2) 1009 (14.8) 982 (15.1)

Previous OAC (>180 days prior to index) 2910 (25.5) 900 (11.4) 748 (11.0) 527 (8.1)

Active cancer (last year) 1145 (10.0) 589 (7.4) 625 (9.2) 562 (8.6)

COPD 1064 (9.3) 518 (6.5) 580 (8.5) 567 (8.7)

Hypertension 7654 (67.0) 4677 (59.0) 4500 (66.0) 4254 (65.4)

Anaemia (last year) 553 (4.8) 155 (2.0) 203 (3.0) 201 (3.1)

Viral hepatitis 25 (0.22) 16 (0.20) 7 (0.10) 11 (0.17)

Hospital admission last year 7734 (67.7) 4422 (55.8) 4460 (65.4) 4412 (67.8)

Co-medication

Low-dose aspirin (last year) 5420 (47.4) 3687 (46.5) 3621 (53.1) 3304 (50.8)

NSAID (last year) 2264 (19.8) 1937 (24.4) 1583 (23.2) 1498 (23.0)

Non-aspirin anti-platelet inhibitors (last year) 278 (2.4) 185 (2.3) 231 (3.4) 189 (2.9)

Risk scores

Modified HAS-BLED score � 3 4894 (42.8) 2934 (37.0) 3206 (47.0) 3029 (46.6)

CHA2DS2-VASc score

Mean 3.09 2.46 2.94 2.93

�2 9449 (82.7) 5785 (73.0) 5709 (83.7) 5411 (83.2)

Co-morbidity score � 1 7527 (65.6) 3851 (48.6) 4124 (60.5) 3916 (60.2)

Reduced NOAC dose at index date NA 2758 (34.8) 1824 (26.8) 1901 (29.2)

Values are numbers (percentages) unless otherwise stated.
COPD, chronic obstructive lung disease; NSAID, non-steroidal anti-inflammatory drug; OAC, oral anticoagulant; NOAC, non-vitamin K oral anticoagulant; SE, standard error;
TIA, transitoric ischaemic attack.

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

Table 2 Oral anticoagulant follow-up time and number (percentage) of patients experiencing a first time bleeding
episode after initiating oral anticoagulant (subsequent bleeding episodes not considered) for the different bleeding
endpoints

Warfarin

(n 5 11 427)

Dabigatran

(n 5 7925)

Rivaroxaban

(n 5 6817)

Apixaban

(n 5 6506)

Total

(n 5 32 675)

Follow-up time (days), median (25th–75th percentile) 156 (84–309) 212 (97–413) 209 (105–410) 143 (73–247) 173 (84–340)

Major or CRNM bleeding: 824 (7.21) 407 (5.14) 578 (8.48) 272 (4.18) 2081 (6.37)

Severity

Major bleeding 181 (1.58) 80 (1.01) 109 (1.60) 49 (0.75) 419 (1.28)

CRNM bleeding 643 (5.63) 327 (4.13) 469 (6.88) 223 (3.43) 1662 (5.09)

Organ system

GI bleeding 199 (1.74) 150 (1.89) 175 (2.57) 70 (1.08) 594 (1.82)

ICH bleeding 90 (0.79) 28 (0.35) 63 (0.92) 26 (0.40) 207 (0.63)

Other bleeding 535 (4.68) 229 (2.89) 340 (4.99) 176 (2.71) 1280 (3.92)

CRNM, Clinically relevant non-major; GI, gastrointestinal; ICH, intracranial haemorrhage.

32 S. Halvorsen et al.
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Dabigatran (adjusted HR 1.26, 95% CI 1.01–1.57, P¼ 0.037) and

rivaroxaban (adjusted HR 1.37, 95% CI 1.12–1.69, P¼ 0.003) use
were both associated with a higher risk of GI bleeding compared with
warfarin. There was no significant difference in the risk of GI bleeding
using apixaban compared with warfarin (adjusted HR 0.77, 95% CI
0.59–1.02, P¼ 0.068).

The risk of ICH was lower in patients using dabigatran (adjusted
HR 0.46, 95% CI 0.30–0.70, P< 0.001) and apixaban (adjusted HR
0.56, 95% CI 0.36–0.86, P¼ 0.009) compared with warfarin, but there
was no significant difference between patients using rivaroxaban vs.
warfarin (adjusted HR 0.93, 95% CI 0.67–1.29, P¼ 0.656).

In the total population, 35% of dabigatran (n¼ 2758), 27% of
rivaroxaban (n¼ 1824), and 29% of apixaban patients (n¼ 1901)

initiated treatment on the reduced dose for stroke prevention
(e.g. dabigatran 110 mg twice daily, rivaroxaban 15 mg once daily,
or apixaban 2.5 mg twice daily) (Table 1). As many as 82%
of patients receiving the reduced dose were�75 years, they
were more likely to have other comorbidities as chronic kidney
disease, hypertension and/or heart failure, and also more likely
to have CHA2DS2-VASc score�2 and HAS-BLED score�3
(Supplementary material online, Table S8). A subgroup analysis of
major or CRNM bleeding for the reduced and standard doses of
each NOAC compared with warfarin is presented in Figure 4. Both
the standard and reduced doses of apixaban and dabigatran were
associated with a significant reduction in the primary endpoint of
major or CRNM bleeding compared with warfarin. With respect

Figure 3 Forest plots showing the adjusted hazard ratios for first bleeding episode for dabigatran, rivaroxaban, and apixaban compared with war-
farin. (A) Major or CRNM bleeding. (B) GI bleeding, ICH bleeding, and bleeding from other sites. Crude IR for first bleeding episode are given as
events per 100 person-years. CI, confidence interval; CRNM, clinically relevant non-major bleeding; GI, gastrointestinal; HR, adjusted hazard ratio;
ICH, intracranial haemorrhage; IR, incidence rate; OAC, oral anticoagulant.
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..to rivaroxaban, neither the reduced nor the standard dose was
significantly different from warfarin.

A total of 16 034 patients (49%) were�75 years (Table 1). In the
subgroup of these elderly patients, dabigatran (adjusted HR 0.84,
95% CI 0.72–0.99, P¼ 0.036) and apixaban (adjusted HR 0.72, 95%
CI 0.61–0.86, P< 0.001) were still associated with a lower risk of
major or CRNM bleeding compared with warfarin, whereas rivaroxa-
ban remained insignificant compared with warfarin (adjusted HR
1.14, 95% CI 0.99–1.30, P¼ 0.067) (Figure 5).

Discussion

In this large nationwide cohort of 32 675 patients (median age 74
years) with AF initiating OAC, the adjusted risk of major or CRNM
bleeding was lower in patients treated with dabigatran and apixaban
compared with patients treated with warfarin. In patients treated with
rivaroxaban, the risk of major or CRNM bleeding was not significantly

different from that of warfarin. For organ system divided analyses, this
study demonstrated a similar risk of GI bleeding with apixaban com-
pared with warfarin, whereas both dabigatran and rivaroxaban were
associated with a higher risk of GI bleeding. Treatment with dabigatran
and apixaban were both associated with a lower risk of ICH compared
with warfarin, whereas treatment with rivaroxaban was not.

Our findings correspond with the bleeding outcomes reported in
the pivotal outcome trials of the NOACs. A lower risk of bleeding
with apixaban compared with warfarin was found in the ARISTOTLE
trial.3,14,15 For dabigatran, our results are similar to the findings in the
RE-LY trial of a higher risk of GI bleeding and a lower risk of ICH
compared with warfarin, but differ with respect to the primary bleed-
ing endpoint where we demonstrated a significantly lower risk of
major or CRNM bleeding for both doses of dabigatran compared
with warfarin.4 The higher risk of GI bleeding with rivaroxaban com-
pared with warfarin was in line with the results of the ROCKET trial.5

A few observational studies assessing the comparative effective-
ness and safety of dabigatran, rivaroxaban, and apixaban in

Figure 4 Risk of major or CRNM bleeding for the reduced and standard dose of dabigatran, rivaroxaban, and apixaban compared with warfarin.
Crude IR for first bleeding episode are given as events per 100 person-years. CI, confidence interval; CRNM, clinically relevant non-major bleeding;
HR, adjusted hazard ratio; IR, incidence rate; OAC, oral anticoagulant.

Figure 5 Risk of major or CRNM bleeding for dabigatran, rivaroxaban, and apixaban compared with warfarin in the subgroup of patients�75
years. Crude IR for first bleeding episode are given as events per 100 person-years. CI, confidence interval; CRNM, clinically relevant non-major
bleeding; HR, adjusted hazard ratio; IR, incidence rate; OAC, oral anticoagulant.
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comparison with warfarin in routine clinical practice have recently
been reported. One recent study compared dabigatran and warfarin
using US Medicare data and demonstrated a reduced risk of ischae-
mic stroke (dabigatran HR 0.80, 95% CI 0.67–0.96) and ICH (dabiga-
tran HR 0.34, 95% CI 0.26–0.46), and an increased risk of major GI
bleeding (dabigatran HR 1.28, 95% CI 1.14–1.44), with dabigatran
compared with warfarin.16 Another study using a large US insurance
database demonstrated that apixaban was associated with a lower
risk of stroke or systemic embolism (apixaban HR 0.67, 95% CI 0.46–
0.98, P¼ 0.04) and that dabigatran and apixaban were associated
with a lower risk of major bleeding (dabigatran HR 0.79, 95% CI
0.67–0.94, P< 0.01; apixaban HR: 0.45, 95%CI: 0.34–0.59,
P< 0.001).17 Interestingly, the findings on GI bleeding were in line
with our results, showing a higher risk of GI bleeding in dabigatran-
and rivaroxaban-treated patients compared with warfarin, whereas
for apixaban the risk of GI bleeding was similar to warfarin. The study
by Larsen et al.18 using nationwide Danish registries showed no signif-
icant difference in the rate of ischaemic stroke between any of the
NOACs and warfarin. Dabigatran and apixaban were both associated
with a statistically significant lower risk of major bleeding compared
with warfarin, also in line with our findings. However, the study popu-
lation was restricted to patients with standard doses of NOAC (dabi-
gatran 150 mg twice daily, rivaroxaban 20 mg once daily, or apixaban
5 mg twice daily) and the study population was also younger (median
age 71 years) compared with ours. Comparing the findings from our
study with the reported pivotal outcome trials as well as observatio-
nal studies must be interpreted with caution as there are differences
in study populations, bleeding definitions and health care systems as
well as other factors that are difficult to account for.

A high proportion of patients (27–35% of patients) in our study ini-
tiated NOAC therapy on the reduced dose for stroke prevention
(e.g. dabigatran 110 mg twice daily, rivaroxaban 15 mg once daily, or
apixaban 2.5 mg twice daily). Due to lack of information on creatinine
levels, weight and bleeding diathesis, we do not know how many of
these patients that fulfilled the criteria for dose reduction for stroke
prevention for the different NOACs. However, 82% of these patients
were�75 years, and also had a high baseline risk profile with respect
to bleeding.

There was a difference in age distribution between the OACs at
baseline with the proportion of patients being �75 years ranging
from 55% for warfarin, 52% for rivaroxaban, 51% for apixaban, and
37% for dabigatran. This distribution is similar to what was seen in
the US-based study by Yao et al.17 Notably, these data suggest that a
higher proportion of NOAC-treated patients in routine clinical prac-
tice are�75 years compared with the pivotal outcome trials; e.g. in
the ARISTOTLE trial only 31% of patients were reported being�75
years.15 Age is an established and strong predictor of increased
bleeding risk in OAC-treated patients with higher absolute risks of
bleeding reported among the elderly; however, the relative bleeding
risk of NOACs in comparison to warfarin in the elderly was not
markedly different from the overall population (Figure 5).

Strength and limitations
The strength of our study is that it retrieves data from mandatory
and nationwide registries in a public health care system that covers all
residents. As a result, the dataset at hand gave us a complete picture

of all hospitalizations and prescriptions dispensed nationwide for the
entire study period. This complete coverage of data eliminates also
selection bias and recall bias that is an apparent problem using other
databases being based on selected hospitals, health insurance
schemes, or self-reported questionnaires.

An obvious limitation of this study is that we have not considered
effectiveness in stroke prevention. As stroke events occur less fre-
quently than overall bleeding complications of OAC treatment, and
also considering the still early days of NOAC exposure, this study
was not planned for, and deemed sufficiently powered to, evaluating
NOAC effectiveness on stroke outcomes. More research is there-
fore needed to address the bleeding complications of NOACs in the
context of stroke prevention in an unselected clinical practice setting.

Although we have adjusted for baseline differences, we are
unlikely to have captured the full extent and effect of different pre-
scribing behaviour, especially in this early phase of NOAC intro-
duction, and some unmeasured and residual confounding is
undoubtedly still present. With the exception of apixaban being
granted general reimbursement 6 months after rivaroxaban and
dabigatran, the same conditions for OAC prescribing were valid
nationwide and throughout the study period. The time-restricted
180-day bleeding risk analysis gives support to our chosen
approach and that results are robust irrespective of differences in
OAC follow-up time. We did not have access to information on
time in therapeutic range among warfarin users; nor did we have
information on laboratory tests and other characteristics such as
smoking and weight. One other caveat that influences the external
validity of the results is that the AF diagnosis was retrieved from
the hospital level only, meaning that AF patients that were solely
managed in primary care were not included in the study. Apart
from co-medication, co-morbidities from primary care can be
underrepresented. There is also a risk of misclassification related
to coding errors of hospital admissions; however for serious con-
ditions like bleeding this is not very likely. No formal validation
studies of the AF diagnosis in NPR against health records have
been conducted. We studied drug exposure at the level of phar-
macy dispensation and have no information on patient’s real OAC
intake.

Conclusion

In this nationwide cohort study on AF patients being prescribed
OAC, use of apixaban and dabigatran were associated with a lower
risk of major or CRNM bleeding compared with the use of warfarin.
The risk of GI bleeding was higher among users of dabigatran and
rivaroxaban compared with warfarin, whereas users of apixaban and
dabigatran had a lower risk of ICH compared with users of warfarin.
The risk of stroke was not addressed in this study, and hence the
optimal benefit to risk balance between stroke prevention and bleed-
ing could not be evaluated.

Disclaimer

Data from the Norwegian Patient Registry (NPR) have been used in
this publication. The interpretation and reporting of these data are
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