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ABSTRACT
Objective
To examine clinical effectiveness and safety of
apixaban 2.5 mg, dabigatran 110 mg, and rivaroxaban
15 mg compared with warfarin among patients with
atrial fibrillation who had not previously taken an oral
anticoagulant.
Design
Propensity weighted (inverse probability of treatment
weighted) nationwide cohort study.
Setting
Individual linked data from three nationwide registries
in Denmark.
Participants
Patients with non-valvular atrial fibrillation filling a first
prescription for an oral anticoagulant from August 2011
to February 2016. Patients who filled a prescription for
a standard dose non-vitamin K antagonist oral
anticoagulant (novel oral anticoagulants, NOACs) were
excluded. To control for baseline differences in the
population, a propensity score for receipt of either of
the four treatment alternatives was calculated to apply
an inverse probability treatment weight.
Intervention
Initiated anticoagulant treatment (dabigatran 110 mg,
rivaroxaban 15 mg, apixaban 2.5 mg, and warfarin).
Main outcome measures
Patients were followed in the registries from onset of
treatment for the primary effectiveness outcome of
ischaemic stroke/systemic embolism and for the
principal safety outcome of any bleeding events.
Results
Among 55 644 patients with atrial fibrillation who met
inclusion criteria, the cohort was distributed according

What is already known on this topic
Use of reduced dose non-vitamin K antagonist oral anticoagulants (NOAC) has been
increasing since their introduction
Limited evidence exists relating to effectiveness and safety of reduced doses
compared with warfarin based on data from clinical practice

What this study adds
Rates of ischaemic stroke or systemic embolism with apixaban 2.5 mg were higher
but not significantly so compared with warfarin
Dabigatran 110 mg and rivaroxaban 15 mg both showed a trend towards lower
thromboembolic rates, but rates were not significantly different to rates with
warfarin
Rates of bleeding, the principal safety outcome, were not significantly different for
apixaban and rivaroxaban compared with warfarin but were lower for dabigatran
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to treatment: apixaban n=4400; dabigatran n=8875;
rivaroxaban n=3476; warfarin n=38 893. The overall
mean age was 73.9 (SD 12.7), ranging from a mean of
71.0 (warfarin) to 83.9 (apixaban). During one year of
follow-up, apixaban was associated with higher
(weighted) event rate of ischaemic stroke/systemic
embolism (4.8%), while dabigatran, rivaroxaban, and
warfarin had event rates of 3.3%, 3.5%, and 3.7%,
respectively. In the comparison between a non-vitamin
K antagonist oral anticoagulant and warfarin in the
inverse probability of treatment weighted analyses and
investigation of the effectiveness outcome, the hazard
ratios were 1.19 (95% confidence interval 0.95 to 1.49)
for apixaban, 0.89 (0.77 to 1.03) for dabigatran, and
0.89 (0.69 to 1.16) for rivaroxaban. For the principal
safety outcome versus warfarin, the hazard ratios were
0.96 (0.73 to 1.27) for apixaban, 0.80 (0.70 to 0.92) for
dabigatran, and 1.06 (0.87 to 1.29) for rivaroxaban.
Conclusion
In this propensity weighted nationwide study of
reduced dose non-vitamin K antagonist oral
anticoagulant regimens, apixaban 2.5 mg twice a day
was associated with a trend towards higher rates of
ischaemic stroke/systemic embolism compared with
warfarin, while rivaroxaban 15 mg once a day and
dabigatran 110 mg twice a day showed a trend towards
lower thromboembolic rates. The results were not
significantly different. Rates of bleeding (the principal
safety outcome) were significantly lower for
dabigatran, but not significantly different for apixaban
and rivaroxaban compared with warfarin.

Introduction
Atrial fibrillation is associated with an increased risk of
ischaemic stroke and mortality. During the past five
years, large randomised trials have established that
non-vitamin K antagonist oral anticoagulants (novel
oral anticoagulants, NOACs) have a similar efficacy to
warfarin but have a superior safety profile, largely
driven by a substantial reduction in associated risk of
intracranial haemorrhage.1 These findings have subsequently changed guidelines to either include NOACs as
an option for stroke prophylaxis2 or to recommend these
agents as first choice of drug.3 The findings of clinical
trials have been confirmed in various observational
cohort studies based on data from clinical practice.4-7
While meticulous dose adjustments are not required
for NOACs as they are for warfarin, a clinical evaluation of
appropriate (constant) dose is still necessary. Various
degrees of renal function entails recommendations to
offer these drugs in a reduced dosing regimen, but
1
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Effectiveness and safety of reduced dose non-vitamin K antagonist
oral anticoagulants and warfarin in patients with atrial fibrillation:
propensity weighted nationwide cohort study
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Methods
This was an observational cohort study of a nationwide
population of unselected patients with atrial fibrillation
who had not previously taken an oral anticoagulant.
Patients were identified from nationwide registries in
Denmark.
Data sources
In Denmark, individuals are assigned a unique identification number allowing linkage on an individual level
between databases. Study data were obtained from
three nationwide administrative databases: the Danish
national prescription registry, which holds information
on purchase date, Anatomical Therapeutic Chemical
(ATC) classification code, and package size for every
prescription claim since 1994; the Danish civil registration system, which holds information on sex, date of
birth, and vital and emigration status; and the Danish
national patient register, which includes admission/
discharge date, and discharge ICD (international classification of diseases) diagnosis codes for hospital admissions since 1977.
Patient population
Eligible patients were identified as those with a first
time prescription claim for an NOAC defined as: apixaban (introduced 10 December 2012), dabigatran (introduced 1 August 2011), or rivaroxaban (introduced 1
February 2012), as well as individuals who started
2

 arfarin treatment (since 1 August 2011) up to 28 Februw
ary 2016. Patients who had taken any oral anticoagulant within the previous year were excluded to establish
a naive cohort. All NOACs were restricted to reduced
doses approved for stroke prevention in atrial fibrillation (in Europe) as follows: apixaban 2.5 mg, dabigatran
110 mg, and rivaroxaban 15 mg. To focus on non-
valvular atrial fibrillation, we excluded patients with
previous hospital diagnoses indicating valvular atrial
fibrillation (mitral stenosis or mechanical heart valves).
We further excluded all those patients with an
indication for oral anticoagulant treatment other than
atrial fibrillation (history of pulmonary embolism, deep
venous thrombosis, or recent hip/knee surgery). This
allowed for an indirect identification of eligible patients
with atrial fibrillation as all other reasons for initiation
of an oral anticoagulation were ruled out. We therefore
assumed that initiation of treatment indicated stroke
prophylaxis for atrial fibrillation.

Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in
developing plans for recruitment, design, or implementation of the study. No patients were asked to advise on
interpretation or writing up of results. There are no
plans to disseminate the results of the research to study
participants or the relevant patient community.
Ascertainment of outcome measures and
comorbidity
We used the Danish national patient register to follow
included patients from onset of treatment until 30 April
2016 for the occurrence of a combined endpoint of
“ischaemic stroke or systemic embolism” and ischaemic stroke separately. All cause mortality was
included as a single endpoint because oral anticoagulants significantly reduce the risk of stroke and death
compared with control or placebo,12 while NOACs significantly reduce all cause mortality compared with
warfarin.13 Safety outcomes were recorded as haemorrhagic stroke and major and gastrointestinal bleeding
and reported in a combined endpoint as “any bleeding”
and specific for haemorrhagic stroke. Major bleeding
was defined as bleeding with anaemia, haemothorax,
haematuria, epistaxis, and bleeding in the eye (see
table A in appendix 1). We used ICD-10 (international
classification of diseases, 10th revision) to identify outcomes. The coding accuracy of the selected outcomes
has previously been validated and found sufficiently
accurate for epidemiological research.14 15
For quantifying thromboembolic risk, we combined
comorbidity information into the CHA2DS2-VASc
score16 ; similarly, to assess the risk of bleeding we calculated the HAS-BLED score (table B in appendix 2).17
Within each NOAC agent, there are differences in criteria for recommendation of a reduced dose; nevertheless, elderly people and those with renal impairment
are subgroups of patients who require special attention
regarding choice of NOAC and dose.18 Therefore, we
analysed these subgroups as having a potential
doi: 10.1136/bmj.j510 | BMJ 2017;356:j510 | the bmj
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 ifferent cut-off values for age, body weight, or interactd
ing drugs also require consideration for appropriate dose
selection.8 Indeed, both age and chronic kidney disease
in patients with atrial fibrillation intensifies the risk of
stroke and increases the risk of bleeding during antithrombotic treatment.9 Elderly patients with atrial fibrillation (such as those aged ≥80) and patients with
impaired renal function were included in the landmark
trials of NOACs, but these important subgroups comprised only a small proportion of the patient populations.
Nevertheless, contemporary guidelines suggest a
reduced dosing regimen for dabigatran (110 mg twice a
day) if patients are aged ≥80 or have an estimated glomerular filtration rate (eGFR) of 30-50 mL/min; rivaroxaban (15 mg once a day) if eGRF is 15-49 mL/min;
apixaban (2.5 mg twice a day) if two of the three following criteria are present: age ≥80 or an eGRF 15-29 mL/
min or body weight ≤60 kg; or edoxaban (30 mg once a
day) if eGFR is 15-50 mL/min.10 While subgroup analyses
including patients with varying degree of renal function
showed comparable efficacy with warfarin,11 evidence
on reduce dose regimens of non-vitamin K antagonist
oral anticoagulants from “real world” clinical practice is
scarce. In response to this lack of evidence about reduce
dose regimens for stroke prevention in atrial fibrillation,
we conducted a nationwide cohort study to examine
effectiveness and safety compared with warfarin. To
ascertain appropriateness of prescribing, we particularly focused on subgroups of elderly patients and those
with impaired renal function, given their potential
“indication for dose reduction” when NOACs are used.

RESEARCH

Statistical analyses
Characteristics of the study population were reported
as percentages, means (standard deviation), or medians (interquartile range). Person years of follow-up
were calculated from the date of first prescription claim
to the occurrence of first endpoint, death, emigration,
or end of follow-up, whichever came first. Incidence
rates were calculated as number of events divided by
person time. To determine the risk of outcomes among
NOAC users compared with warfarin (reference) users,
we calculated cause specific hazard ratios using Cox
regression models. Failure curves were used to depict
how risks of events evolved over time. Specifically, we
used the Aalen-Johansen estimator to calculate absolute risk of events taking into account the competing
risk of death16 and the Kaplan-Meier estimator for all
cause mortality. To allow an unbiased comparison
across different treatment regimens, we applied an
inverse probability of treatment weighted approach.
This is particularly suitable when there are several
treatment alternatives—in this case, dabigatran, apixaban, rivaroxaban, and warfarin.19 20 The weights were
derived to obtain estimates representing population
average treatment effects with optimal balance
between the treatment populations21 by using generalised boosted models based on 10 000 regression trees
as done previously.4 The underlying propensity models
included age (continuous); binary indicators for sex
and hospital diagnosis of atrial fibrillation, ischaemic
stroke, vascular disease, ischaemic heart disease,
hypertension, diabetes, cancer, chronic obstructive
lung disease, heart failure or left ventricular dysfunction, recent prescription of aspirin, β blockers, non-steroidal anti-inflammatory drugs, statins, loop and
non-loop diuretics, amiodarone, dronedarone, vasodilators, calcium channel blockers, and verapamil; and
the CHA2DS2-VASc and HAS-BLED scores included as
continuous variables.
The examined treatment regimens should be contrasted on comparable populations and any patient
must have positive probability for any treatment (positivity assumption), hence substantial overlap between
the propensities for each treatment should be present.
In agreement with best methodological practice, this
was assessed by graphical inspection of the weight distributions (appendix 2).22 Additionally, we evaluated
balance between treatment populations by s tandardised
the bmj | BMJ 2017;356:j510 | doi: 10.1136/bmj.j510

differences of all baseline covariates, using a threshold
of 0.1 to indicate imbalance.23

Sensitivity analyses
To further explore the potential for bias from baseline
differences and the propensity of receiving treatment
with an NOAC, we performed sensitivity analyses using
an ordinary crude and Cox multivariate adjusted analysis to compare the results obtained from the weighted
analyses. We also performed a sensitivity analysis using
standardised morbidity ratio24 weights to address the
(hypothetical) casual situation of all patients receiving
warfarin treatment rather than an NOAC.
To allow for a thorough prognostic evaluation and
given the divergence of age across oral anticoagulant
exposure groups, we supplemented the main analysis
by a sensitivity analysis stratified on age category—for
instance, age ≥80. While not all of these patients would
have renal deficiencies severe enough to acquire a diagnosis, advanced age significantly affects renal function25 26; thus, assessment of comparative effectiveness
and safety between NOAC and warfarin in these age
groups is of clinical value given the age dependency on
renal function (opting for reduce dose NOAC regimen).
We also conducted a sensitivity analysis restricted to
patients with a hospital diagnosis of atrial fibrillation to
increase likelihood of treatment indication. Finally, as
the introduction of each NOAC could have influenced
patient selection, we repeated the main analysis confined to the time period where all three NOACs were
available in Denmark—that is, from 12 December 2012,
when apixaban (latest market drug) was available in
Denmark.
The analyses were performed with Stata version 14
(StataCorp) and R version 3.1.1 (R Foundation for Statistical Computing). A two sided P<0.05 was considered
significant.
Results
We identified 88 141 patients in the study period who
were eligible for inclusion by either fillinga prescription
for low dose regimen NOAC or warfarin (only 2.5 mg
available in Denmark). After we excluded reasons for
oral anticoagulant treatment other than atrial fibrillation (n=31 852) and previous use of phenprocoumon
within the past year for unknown reasons (n=645), we
identified a study population (n=55 644) of patients who
had not been taking oral anticoagulants within the previous year and who were starting treatment with either
reduced dose NOAC or warfarin (fig A in appendix 3).
The study population was distributed by type of oral
anticoagulant: 69.9% received warfarin, 7.9% apixaban,
15.9% dabigatran, and 6.3% rivaroxaban. The population average time of follow-up (with respect to all cause
mortality) was 2.3 years, with the apixaban group having the shortest mean follow-up of one year. The study
population age varied markedly across exposure to
each drug—for example, the average age for apixaban
users was 83.9, while for warfarin the average age was
71.0 (table 1). Patients treated with either apixaban or
rivaroxaban had a higher prevalence of renal diseases
3
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“ indication for dose reduction.” We identified those
with adult polycystic kidney disease, chronic glomerulonephritis, chronic tubulointestinal nephropathy, diabetic nephropathy, non-end stage chronic kidney
disease, hypertensive nephropathy, and nephropathy
of unknown aetiology and categorised them as having
chronic kidney disease (table A in appendix 1). While
we did not have access to individual eGFR or creatinine
clearance directly at the time of treatment initiation, a
reasonable clinical assumption is that the aforementioned diseases would affect the renal function to such
an extent that it could confer a clinical recommendation to reduce the dose of any NOAC.
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between treatment groups; hence comparisons between
treatment groups were feasible (appendix 2).

Ischaemic stroke and systemic embolism
A total of 1779 patients experience ischaemic stroke or
systemic embolism events during the first year of follow-up (table 2 ). The highest weighted event rate was
for apixaban (4.8%) and the lowest for dabigatran
(3.3%), but similar to rivaroxaban (3.5%) and warfarin
(3.7%) (table 2 ). Figure 1 shows the cumulative incidences for ischaemic stroke or systemic embolism
across the four treatment options.
Apixaban was associated with a non-significant
trend for higher rates of ischaemic stroke or systemic
embolism compared with warfarin, with a one year
hazard ratio of 1.19 (95% confidence interval 0.95 to
1.49) (fig 2 ). The observed association after 2.5 years
was 1.22 (1.00 to 1.50) (fig B in appendix 3). Rivaroxaban was associated with a non-significant trend
towards lower rates after one year and 2.5 years of follow-up, with h
 azard ratios of 0.89 (0.69 to 1.16) and

Table 1 | Characteristics of patients with atrial fibrillation who had not previously received oral anticoagulant by treatment groups. Values are numbers
(percentages) unless stated otherwise

Women
Age (years):
Mean (SD)
≥65
≥75
≥80
≥85
Previous diagnosis of atrial fibrillation from hospital
Cancer
Vascular disease
Diabetes
Previous bleeding episodes
Hypertension
Previous ischaemic stroke
Ischaemic heart disease
Heart failure/LVD
Mean (SD) CHA 2DS2-VASC score
Mean (SD) HASBLED score
Chronic obstructive pulmonary disease
Dialysis
Renal dysfunction
Aspirin
β blocker
Non-steroidal anti-inflammatory drugs
Statins
Loop diuretics
Non-loop diuretics
Amiodarone
Dronedarone
Vasodilator
Calcium blockers
Verapamil
P-glycoprotein inhibitors
CYP3A4 inhibitors

Standardised
differences*

Apixaban 2.5
mg twice/day
(n=4400)

Dabigatran
110 mg twice/
day (n=8875)

Rivaroxaban
15 mg once/
day (n=3476)

Warfarin
(n=38 893)

All (n=55 644)

Before

After

60.6 (2665)

53.7 (4762)

53.2 (1848)

40.4 (15703)

44.9 (24978)

0.41

0.03

83.9 (8.2)
97.2 (4275)
88.1 (3878)
75.3 (3313)
48.3 (2124)
71.3 (3135)
22.2 (976)
22.0 (970)
17.3 (763)
17.3 (761)
63.5 (2796)
22.9 (1007)
29.9 (1316)
20.3 (892)
4.3 (1.5)
2.8 (1.1)
18.3 (803)
0.9 (39)
9.5 (417)
48.2 (2122)
60.0 (2639)
18.5 (813)
42.5 (1871)
43.2 (1902)
40.8 (1794)
4.3 (189)
<5
4.5 (198)
33.8 (1486)
3.0 (130)
8.9 (391)
3.8 (165)

79.9 (9.0)
93.6 (8309)
78.1 (6929)
58.1 (5159)
28.4 (2519)
64.8 (5753)
18.3 (1622)
17.7 (1570)
14.9 (1321)
14.3 (1270)
64.0 (5676)
16.0 (1423)
26.3 (2337)
15.5 (1373)
3.8 (1.5)
2.7 (1.0)
14.9 (1319)
0.5 (41)
3.9 (350)
50.3 (4460)
62.1 (5513)
24.5 (2172)
43.5 (3861)
32.3 (2865)
44.1 (3913)
3.5 (312)
<5
4.7 (417)
35.6 (3160)
5.1 (457)
10.3 (914)
2.6 (231)

77.9 (13.5)
85.7 (2980)
66.8 (2321)
53.5 (1858)
35.2 (1222)
52.4 (1821)
20.0 (696)
18.2 (631)
16.5 (575)
15.0 (520)
58.1 (2020)
15.2 (528)
26.7 (929)
18.9 (658)
3.6 (1.8)
2.5 (1.2)
16.7 (579)
0.9 (30)
9.1 (315)
44.4 (1545)
50.5 (1755)
21.8 (758)
40.4 (1403)
38.3 (1333)
39.0 (1354)
3.4 (119)
<5
5.0 (174)
30.5 (1059)
2.7 (94)
8.1 (281)
3.6 (124)

71.0 (12.6)
74.6 (29 001)
41.3 (16 078)
24.5 (9523)
11.1 (4311)
55.4 (21 557)
16.7 (6508)
19.0 (7395)
16.3 (6324)
11.4 (4422)
60.3 (23 447)
11.0 (4291)
26.8 (10 430)
15.5 (6024)
3.0 (1.7)
2.4 (1.2)
13.0 (5051)
2.4 (920)
8.3 (3244)
46.8 (18 183)
63.0 (24 515)
24.4 (9471)
45.0 (17 488)
29.8 (11 603)
39.5 (15 375)
4.5 (1731)
<5
4.5 (1768)
33.1 (12 893)
3.4 (1327)
9.6 (3753)
3.0 (1173)

73.9 (12.7)
80.1 (44 565)
52.5 (29 206)
35.7 (19 853)
18.3 (10 176)
58.0 (32 266)
17.6 (9802)
19.0 (10 566)
16.1 (8983)
12.5 (6973)
61.0 (33 939)
13.0 (7249)
27.0 (15.12)
16.1 (8947)
3.3 (1.7)
2.4 (1.2)
13.9 (7752)
1.9 (1030)
7.8 (4326)
47.3 (26 310)
61.9 (34 422)
23.7 (13 214)
44.3 (24 623)
31.8 (17 703)
40.3 (22 436)
4.2 (2351)
<5
4.6 (2557)
33.4 (18 598)
3.6 (2008)
9.6 (5339)
3.0 (1693)

1.01
—
—
—
—
0.38
0.14
0.11
0.07
0.18
0.12
0.35
0.08
0.13
0.75
0.41
0.15
0.14
0.21
0.12
0.26
0.14
0.09
0.29
0.11
0.05
0.05
0.02
0.11
0.13
0.08
0.07

0.09
—
—
—
—
0.06
0.04
0.03
0.02
0.03
0.04
0.02
0.03
0.01
0.04
0.06
0.03
0.05
0.04
0.05
0.03
0.02
0.01
0.04
0.02
0.02
0.04
0.03
0.01
0.05
0.04
0.02

LVD=left ventricular dysfunction.
*Maximum standardised pairwise difference, before and after inverse probability of treatment weighting.
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(9.5% and 9.1%, respectively) than patients treated with
dabigatran (3.9%) or warfarin (8.3%). In general, the
patients treated with apixaban had more comorbidities
such as heart failure, previous thromboembolism, diabetes, and presence of vascular diseases. Therefore, the
estimated risk of stroke, as summarised by the mean
CHA2DS2-VASc score, was highest in patients treated
with apixaban (4.3), and slightly lower for dabigatran
(3.8) and rivaroxaban (3.6), and lowest for warfarin
treated patients (3.0). A similar pattern (but with less
pronounced differences) for risk of bleeding, as summarised by the mean HASBLED score, was observed
with an overall population average score of 2.4.
With inverse probability of treatment weight to
account for baseline differences, the standardised differences were less than 0.09 (compared with 1.01 before
imposing estimated weights). Comparisons of individual propensity score distributions showed sufficient
overlap, and suggest that application of the weights of
inverse probability of treatment, resulted in a cohort in
which the distribution of variables were comparable

RESEARCH

Apixaban 2.5 mg

Dabigatran 110 mg

Rivaroxaban 15 mg

Warfarin

Events

Crude

Weighted

Events

Crude

Weighted

Events

Crude

Weighted

Events

Crude

Weighted

Ischaemic stroke/systemic embolism

205

6.67

4.78

325

4.11

3.31

92

3.55

3.53

1157

3.31

3.74

Ischaemic stroke

198

6.44

4.42

309

3.90

3.17

88

3.39

3.38

1059

3.02

3.47

All cause mortality

806

25.40

15.53

985

12.18

10.50

557

21.15

15.81

3048

8.56

10.12

Any bleeding

176

5.67

5.12

377

4.76

4.09

169

6.60

5.58

1759

5.06

5.11

Major bleeding

123

3.95

4.14

291

3.66

3.31

135

5.24

4.59

1281

3.67

3.82

Haemorrhagic stroke

22

0.69

0.38

28

0.35

0.28

10

0.38

0.43

199

0.56

0.62

Ischaemic stroke/systemic embolism

236

5.63

3.98

535

3.26

2.73

124

2.89

2.72

1686

2.35

2.68

Ischaemic stroke

230

5.48

3.73

504

3.06

2.58

119

2.77

2.62

1558

2.17

2.49

All cause mortality

1040

23.80

14.85

1873

11.02

9.13

798

18.18

13.46

5366

7.29

8.73

Any bleeding

224

5.29

4.76

659

4.03

3.44

240

5.72

4.90

2910

4.12

4.16

Major bleeding

160

3.75

3.90

491

2.98

2.78

187

4.42

3.97

2136

3.00

3.14

Haemorrhagic stroke

27

0.62

0.35

68

0.40

0.30

26

0.59

0.56

336

0.46

0.50

Outcomes
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Table 2 | Event counts and crude and weighted event rates per 100 person years among patients with atrial fibrillation who had not previously received
oral anticoagulant by treatment groups

One year follow-up

2.5 year follow-up

Cumulative incidence

Crude failure curves
0.10

Weighted failure curves

Ischaemic stroke or systemic embolism
Apixaban
Rivaroxaban
Dabigatran
Warfarin

0.08
0.06
0.04
0.02

Cumulative incidence

0
0.10

Any bleeding

0.08
0.06
0.04
0.02

Cumulative incidence

0
0.5

All cause mortality

0.4
0.3
0.2
0.1
0
0

0.5

1.0

1.5

2.0

2.5

Years since treatment initiation

0

0.5

1.0

1.5

2.0

2.5

Years since treatment initiation

Fig 1 | Cumulative risk of events depicted by crude and weighted failure curves in patients with atrial fibrillation according
to initiated treatment
the bmj | BMJ 2017;356:j510 | doi: 10.1136/bmj.j510
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Ischaemic stroke/SE

Ischaemic stroke
Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

Apixaban

1.19 (0.95 to 1.49)

1.19 (0.95 to 1.49)

1.48 (1.31 to 1.67)

Dabigatran

0.89 (0.77 to 1.03)

0.92 (0.79 to 1.06)

1.04 (0.96 to 1.13)

Rivaroxaban

0.89 (0.69 to 1.16)

0.93 (0.71 to 1.21)

1.52 (1.36 to 1.70)

Hazard ratio
(95% CI)

Indication for reduced dose (additional analysis)
Apixaban

1.24 (1.00 to 1.55)

1.25 (1.00 to 1.57)

1.23 (1.10 to 1.36)

Dabigatran

0.93 (0.79 to 1.10)

0.93 (0.78 to 1.11)

0.93 (0.84 to 1.02)

Rivaroxaban

0.63 (0.47 to 0.85)

0.64 (0.47 to 0.87)

1.48 (1.32 to 1.67)

Entire cohort (adjusted analysis)
Apixaban

1.07 (0.91 to 1.26)

1.07 (0.90 to 1.26)

1.35 (1.24 to 1.47)

Dabigatran

0.94 (0.82 to 1.07)

0.94 (0.82 to 1.07)

1.03 (0.96 to 1.11)

Rivaroxaban

0.78 (0.63 to 0.97)

0.79 (0.63 to 0.99)

1.43 (1.30 to 1.57)

Age ≥80 (sensitivity analysis)
Apixaban

1.15 (0.94 to 1.41)

1.18 (0.96 to 1.45)

1.54 (1.40 to 1.70)

Dabigatran

0.98 (0.82 to 1.17)

0.97 (0.81 to 1.16)

1.00 (0.91 to 1.10)

Rivaroxaban

0.71 (0.52 to 0.95)

0.71 (0.52 to 0.96)

1.67 (1.49 to 1.87)

Cohort with atrial fibrillation diagnosed in
hospital (sensitivity analysis)
Apixaban

1.06 (0.81 to 1.40)

1.03 (0.78 to 1.36)

1.57 (1.37 to 1.79)

Dabigatran

0.91 (0.77 to 1.07)

0.91 (0.76 to 1.08)

1.07 (0.97 to 1.19)

Rivaroxaban

0.98 (0.71 to 1.34)

1.00 (0.72 to 1.38)
0.2

0.5

Favours
alternative

1

2

Favours
warfarin

1.48 (1.29 to 1.71)
0.2

0.5

Favours
alternative

1

2

Favours
warfarin

0.2

0.5

Favours
alternative

1

2

Favours
warfarin

Fig 2 | Effectiveness outcomes at one year follow-up in patients with atrial fibrillation according to initiated treatment

0.92 (0.73 to 1.15), respectively. For dabigatran there
was a non-significant trend towards lower rates in
comparison with warfarin after one year (0.89, 0.77 to
1.03), and similar to warfarin after 2.5 years of follow-up (1.03, 0.92 to 1.16). Restriction of the outcome to
lone ischaemic stroke did not markedly affect the
event rate (fig 2).

Bleeding outcomes
The weighted event rates for bleeding outcomes were
similar for apixaban, rivaroxaban, and warfarin at 5.1%,
5.6%, and 5.1%, respectively, and lower for dabigatran
(4.1%). For the composite outcome of any bleeding
events, the cumulative incidence curves were similar
for apixaban, rivaroxaban, and warfarin, while lower
risks were observed for dabigatran (fig 1).
Weighted Cox regression comparisons showed lower
event rates for dabigatran compared with warfarin after
one and 2.5 years (hazard ratios 0.80 (95% confidence
interval 0.70 to 0.92) (fig 3) and 0.84 (0.75 to 0.93) (fig C in
appendix 3), respectively). The one year hazard ratios
for bleeding for apixaban and rivaroxaban compared
with warfarin were 0.96 (0.73 to 1.27) and 1.06 (0.87 to
1.29), respectively. Examination of bleeding outcomes
during 2.5 years of follow-up showed similar associations (fig C in appendix 3).
Analysis of the major bleeding outcome showed similar associations to the composite “any bleeding” outcome, except for dabigatran, which was associated with
a non-significant decrease in event rate compared with
warfarin, with a hazard ratio of 0.87 (95% confidence
interval 0.75 to 1.01).
6

During one year of follow-up, there was a limited
number of haemorrhagic strokes: 60 with NOAC and 199
with warfarin (table 2 ). The one year event rates for haemorrhagic stroke were lower for patients treated with a
NOAC agent compared with warfarin, with hazard ratios
ranging from 0.46 to 0.68 (fig 3). After 2.5 years, only
hazard ratios for dabigatran were significantly lower in
comparison with warfarin, while an association of similar rates was observed with rivaroxaban and warfarin.

Death
The risk of all cause mortality was different between
NOACs and warfarin, with higher risks for patients
treated with apixaban and rivaroxaban. The crude one
year mortality risk was 8.6% for warfarin, 12.2% for dabigatran, 21.2% for rivaroxaban, and 25.4% for apixaban
(table 2 ). After we weighted the treatment cohorts, the
differences in risks were attenuated (fig 1 ). Hazard
ratios were then 1.48 (95% confidence interval 1.31 to
1.67) for apixaban, 1.04 (0.96 to 1.13) for dabigatran; and
1.52 (1.36 to 1.70) for rivaroxaban (fig 2). The associations remained similar when we analysed risk of death
during 2.5 years of follow-up (fig B in appendix 3).
Indication for dose reduction according to age and
renal disease
When we analysed the cohort stratified according to
“indication for dose reduction” (that is, age ≥80 and/or
renal disease) the study population was confined to
21 949 patients. During the period 2014-16, apixaban 2.5
mg was increasingly prescribed to patients in this
subgroup, while the other three treatment options were
doi: 10.1136/bmj.j510 | BMJ 2017;356:j510 | the bmj
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Hazard ratio
(95% CI)
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Study

Death
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Any bleeding

Major bleeding
Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

Apixaban

0.96 (0.73 to 1.27)

1.04 (0.76 to 1.43)

0.59 (0.34 to 1.02)

Dabigatran

0.80 (0.70 to 0.92)

0.87 (0.75 to 1.01)

0.46 (0.29 to 0.72)

Rivaroxaban

1.06 (0.87 to 1.29)

1.17 (0.94 to 1.45)

0.68 (0.30 to 1.53)

Hazard ratio
(95% CI)

Indication for reduced dose (additional analysis)
Apixaban

0.78 (0.61 to 0.99)

0.73 (0.57 to 0.94)

0.84 (0.47 to 1.50)

Dabigatran

0.81 (0.69 to 0.94)

0.88 (0.75 to 1.04)

0.49 (0.27 to 0.87)

Rivaroxaban

1.00 (0.81 to 1.24)

1.13 (0.89 to 1.44)

0.46 (0.20 to 1.04)

Entire cohort (adjusted analysis)
Apixaban

0.76 (0.64 to 0.90)

0.79 (0.65 to 0.96)

0.83 (0.52 to 1.33)

Dabigatran

0.81 (0.72 to 0.91)

0.89 (0.78 to 1.02)

0.47 (0.31 to 0.71)

Rivaroxaban

1.07 (0.91 to 1.26)

1.19 (0.99 to 1.43)

0.56 (0.29 to 1.06)

Age ≥80 (sensitivity analysis)
Apixaban

0.78 (0.63 to 0.96)

0.85 (0.67 to 1.08)

0.82 (0.46 to 1.45)

Dabigatran

0.89 (0.76 to 1.04)

1.01 (0.84 to 1.20)

0.46 (0.27 to 0.78)

Rivaroxaban

1.13 (0.91 to 1.40)

1.28 (1.00 to 1.63)

0.54 (0.23 to 1.29)

Cohort with atrial fibrillation diagnosed in
hospital (sensitivity analysis)
Apixaban

0.95 (0.68 to 1.33)

1.02 (0.69 to 1.52)

0.56 (0.29 to 1.05)

Dabigatran

0.81 (0.68 to 0.96)

0.91 (0.75 to 1.10)

0.29 (0.16 to 0.50)

Rivaroxaban

1.05 (0.81 to 1.36)

1.13 (0.85 to 1.51)
0.2

0.5

Favours
alternative

1

2

Favours
warfarin

0.79 (0.31 to 2.05)
0.2

0.5

Favours
alternative

1

2

Favours
warfarin

0.2

0.5

Favours
alternative

1

2

Favours
warfarin

Fig 3 | Safety outcomes at one year follow-up in patients with atrial fibrillation according to initiated treatment

prescribed less often (fig D in appendix 3). This more
fragile cohort exhibited worse outcomes than we saw in
the main analysis.
For the outcome of ischaemic stroke or systemic
embolism, apixaban was associated with a higher one
year rate compared with warfarin (hazard ratio 1.24,
95% confidence interval 1.00 to 1.55) (fig 2 ), and rivaroxaban was associated with lower rates (0.63, 0.47 to 0.85).
For the composite bleeding outcome, both apixaban
and dabigatran had lower rates compared with warfarin
(0.78, 0.61 to 0.99, and 0.81, 0.69 to 0.94, respectively).
Rivaroxaban had similar rate of bleeding compared
with warfarin (1.00, 0.81 to 1.24) (fig 3). Results on
patients with renal disease yield comparable conclusion (fig E in appendix 3).
For the outcome of all cause mortality, apixaban and
rivaroxaban was associated with a significantly higher
risk (hazard ratios 1.23, 95% confidence interval 1.10 to
1.36, and 1.48, 1.32 to 1.67, respectively). For dabigatran
there was no significant difference (0.93, 0.84 to 1.02).

Sensitivity analyses
In the treatment cohorts confined to those aged ≥80 for
the event rate of ischaemic stroke or systemic embolism,
apixaban was associated with a non-significant trend
for higher rates comparison with warfarin (one year hazard ratio 1.15, 95% confidence interval 0.94 to 1.41)
(fig 2 ). The event rate was lower for rivaroxaban (0.71,
0.52 to 0.95) and similar for dabigatran and warfarin
(0.98, 0.82 to 1.17). For bleeding outcomes, the one year
hazard ratios for NOACs compared with warfarin were
the bmj | BMJ 2017;356:j510 | doi: 10.1136/bmj.j510

0.78 (95% confidence interval 0.63 to 0.96) for apixaban,
0.89 (0.76 to 1.04) for dabigatran, and not significantly
different for rivaroxaban (1.13, 0.91 to 1.40) (fig 3).
When we examined the outcomes in a cohort
restricted to patients with a record of atrial fibrillation
diagnosed in hospital, the outcomes associated with
NOAC treatment compared with warfarin generally
showed similarity in both effectiveness and safety outcomes, but dabigatran was associated with a lower relative risk of bleeding.
Our main analysis approach using the inverse probability treatment weight method was in overall agreement with the Cox multivariable adjusted analyses (figs
2 and 3), as well as the sensitivity analyses using a standardised morbidity ratio weighted approach (data not
shown). When we confined the inclusion time from
December 2012 (when apixaban became available) to
February 2016, we did not observe markedly different
associations between exposure and outcomes, except
for dabigatran, which was not significantly different to
warfarin for ischaemic stroke/systemic embolism (hazard ratio 1.04, 95% confidence interval 0.86 to 1.25).

Discussion
This study examined the effectiveness and safety of low
dose NOAC regimens compared with warfarin in a large
“real world” cohort of patients with atrial fibrillation
who had not previously received treatment with an oral
anticoagulant. Treatments included apixaban 2.5 mg,
dabigatran 110 mg, or rivaroxaban 15 mg all compared
with warfarin. Apixaban was associated with a
7
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Differences in reduced dose and standard dose NOAC
Our study extends our previous finding in a similar
cohort of patients with atrial fibrillation starting treatment with an NOAC at a standard dose (apixaban 5 mg,
dabigatran 150 mg, rivaroxaban 20 mg) or warfarin.4
One major discrepancy between the studies was
apparent when we analysed the outcome of all cause
mortality. While the standard dosing regimen consistently favoured an NOAC agent over warfarin in terms
of lower risk of death, the present study shows some
differences in mortality between reduced dose regimens. Rivaroxaban was associated with an increase in
risk of mortality in the main analysis, whereas dabigatran was associated with a decrease. In all additional
and sensitivity analyses, both rivaroxaban and apixaban exhibited associations favouring warfarin in
relation to an increase in risk of mortality. Although
we performed inverse probability treatment weight
analyses and accompanied this approach with standardised morbidity ratio analyses, the obtained associations from the main analysis remained unchanged.
This might indicate that some residual confounding
remained present and that this particular observation
cannot rule out selective prescribing not adjusted for
in the analyses. In particularly, this could be related to
differences in population age across treatment groups.
The results of sensitivity analyses specifically on age
groups, however, did not differentiate markedly from
the main analysis.
Perspectives to randomised trial data
In the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial, 831 patients received apixaban 2.5 mg (with
428 patients initially randomised to this dose at baseline) based on at least two of age ≥80, bodyweight ≤60
kg, and serum creatinine ≥132.6 μmol/L.27 In a post
hoc analysis on the ARISTOTLE trial data, 790 patients
were treated with either apixaban 2.5 mg or warfarin;
all were aged ≥75, but no additional information on
indication for dose reduction or distribution of
patients was given.28 In this subgroup of patients, the
outcome of ischaemic stroke or systemic embolism
occurred at a lower rate in the apixaban arm than in
the warfarin arm (hazard ratio 0.52, 95% confidence
interval 0.25 to 1.08). As no information on dose reduction was provided, direct comparisons with the results
in the current study would be challenging. Even so, in
the subgroup of patients with an indication for dose
reduction (age ≥80 and/or renal dysfunction) we
observed a higher rate of ischaemic stroke or systemic
8

embolism with apixaban 2.5 mg compared with warfarin (1.24, 1.00 to 1.55). Whether this discrepancy
between post hoc trial analysis and data from routing
care can be related to inappropriate prescribing patterns of apixaban 2.5 mg in clinical practice remains to
be investigated. Nevertheless, in healthy people (with
normal renal function and lower age) apixaban 2.5 mg
was associated with about 50% lower plasma concentrations than treatment with 5.0 mg.29 Our observational data might raise the question of whether a 50%
dose reduction is excessive or appropriate in patients
aged ≥80 and/or with impaired renal function to maintain effective stroke prevention. Clearly, this hypothesis warrants further research.
Dabigatran 110 mg was the only one of the three
NOACs included in the present study that was formally
analysed compared with warfarin in the landmark
NOAC trials.30 Our observations support the findings
from the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial, which showed a hazard
ratio of 0.91 (95% confidence interval 0.74 to 1.11) for
ischaemic stroke or systemic embolism for dabigatran
110 mg compared with warfarin. Similarly, our observations were in line with the trial results when we analysed the outcome of major bleeding events. In a subset
(post hoc) analysis of the RE-LY trial in patients with
impaired renal function (as indicated by a creatinine
clearance <50 mL/min(0.84 mL/s/m2), 1196 patients
received dabigatran 110 mg and 1232 patients received
warfarin treatment. Patients in the dabigatran 110 mg
arm had a trend towards lower rates of ischaemic stroke
or systemic embolism compared with those in the warfarin group, while the rates of major bleeding were similar between the two groups.31 In our data reflecting
clinical practice, however, this trend of lower thromboembolic rates (in comparison with warfarin) was not
observed after 2.5 years of follow-up.
In the ROCKET-AF trial (Rivaroxaban Once-daily, oral
direct factor Xa inhibition compared with vitamin K
antagonism for prevention of stroke and Embolism Trial
in Atrial Fibrillation), 2959 patients had a creatinine
clearance <50 mL/min, with 1474 patients randomised
to rivaroxaban 15 mg.32 33 The median age in this subgroup was 79. There was a trend for lower rates of ischaemic stroke or systemic embolism with rivaroxaban 15
mg compared with warfarin in the ROCKET-AF trial,
with similar rates of bleeding between the groups. Our
data support the trial data with a trend of lower thromboembolic rates, which in the present study were also
significantly lower compared with warfarin (specifically
in the main analysis and in the analysis of “indication
for dose reduction”; fig 2).
Balancing thromboembolism against the risk of
bleeding in patients with atrial fibrillation is a clinical
dilemma that involves more than scientific facts. Some
of the factors include physician preferences and experience, patient’s preferences and adherence to treatment,
and cost and convenience related to the lifelong treatment.34-36 Nevertheless, the now historical trials in
stroke prevention showed that treatment with an oral
anticoagulant compared with placebo or control in
doi: 10.1136/bmj.j510 | BMJ 2017;356:j510 | the bmj
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non-significant trend towards higher thromboembolic
events, with similar rates of rates of bleeding. Rivaroxaban was associated with a non-significant trend
towards lower one year rates of ischaemic stroke or systemic embolism, with similar rates of rates of bleeding.
Dabigatran was associated with lower rates of bleeding,
with a non-significant trend for a lower thromboembolic rate after one year, though this trend was not seen
after 2.5 years of follow-up.
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Strengths and limitations
The strength of this study primarily relates to the large
sample size of patients with atrial fibrillation who had
not previously received treatment with an oral anticoagulant and who were starting such treatment on a
reduced dose regimen. Reduced dose apixaban and
rivaroxaban were not formally investigated in the phase
III trials (while in the RE-LY trial, patients were randomised to dabigatran 110 mg or 150 mg). Our study
complements this current evidence but is based on
observational data and should be interpreted in this
light. While inverse probability treatment weighting
allows for causal inference on average treatment effects,
it is likely that some unmeasured residual confounding
and selective prescribing behaviour were still present.
Specifically, quality of treatment in associations with
social status and socioeconomic factors could have contributed to differences in outcomes associated with
treatments. The overall obtained results were
unchanged when we used simple adjustment or standardised morbidity ratio weighted approaches; this is
reassuring and could suggest that modelling assumptions (including positivity, exchangeability, and consistency) were not violated. While these assumptions were
not systematically investigated, the sample size of our
data would suggest that the inverse probability treatment weight estimator is likely to be unbiased (contrary, when data are sparse, the estimator can be
biased).38
Nonetheless, future studies on reduced dose NOAC
versus warfarin are still warranted and should preferably analyse effectiveness and safety outcomes in
respect to label adherence as done in a post hoc analyses with the RE-LY trial data.39 The lack of data on creatinine clearance is one of the limitations to the present
study, even though patients with impaired renal function were identified in the registries. Indeed, worsening renal function in relation to age has been
specifically investigated with data from the ARISTOTLE
trial. In this cohort, elderly patients and those with
accumulated cardiovascular comorbidities (apart from
atrial fibrillation) more often had declining renal function.40 While the use of registries to identify patients
with renal impairment has previously been reported as
difficult,41 the patients with a record of kidney disease
in our database had a clinical diagnosis and were
therefore likely to be correctly classified. Nevertheless,
we probably underestimated the true proportion of
the bmj | BMJ 2017;356:j510 | doi: 10.1136/bmj.j510

patients with renal impairment, and the interpretation
of the results should accommodate this limitation. The
differences in risk of death across treatment groups
also warrant further investigation as to whether these
results reflect “true” associations or biases from selective prescribing. As for now, these results should be
confirmed in future studies, and our observations on
associations between treatment with death cannot
stand alone.
Finally, we cannot rule out the risk of misclassification and miscoding of diagnoses and outcomes; limitations previously noted by Schneeweiss and colleagues
regarding comparative effectiveness also apply to our
study.42 Observational studies, like the present one,
however, give us the opportunity to ascertain how
NOACs perform in clinical practice under usual clinical
conditions.

Conclusions
In this propensity weighted nationwide study of
reduced dose NOAC regimens, rates of ischaemic stroke
or systemic embolism with apixaban 2.5 mg were higher
but not significantly different to those with warfarin.
Though there was a trend towards lower thromboembolic rates with dabigatran 110 mg and rivaroxaban 15
mg, they were not significantly different to rates with
warfarin. For the principal safety outcome, rates of
bleeding were not significantly different with apixaban
and rivaroxaban compared with warfarin but were significantly lower with dabigatran.
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