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A trial fibrillation is the most common type of cardiac 
arrhythmia, responsible for up to one-third of all 
strokes.1 For most patients with atrial fibrillation, 

lifelong anticoagulation is indicated to prevent ischemic 
stroke and systemic arterial embolization.2,3 Direct oral anti-
coagulants (DOACs) are now recommended in clinical care 
guidelines in Canada, the United States and Europe, as an 
alternative or in preference to vitamin K antagonists, in 
patients with nonvalvular atrial fibrillation.2,4–6 In Canada, 
they have now widely replaced warfarin.

Randomized controlled trials have established noninferi-
ority of DOACs — and superiority in some cases — com-
pared  to vitamin K antagonists with respect to stroke pre-
vention and major bleeding risk.7–10 Recent meta-analyses of 
observational studies showed DOAC treatment to be associ-
ated with lower (dabigatran, apixaban) or similar (rivaroxa-

ban, edoxaban) bleeding risks,10–14 and at least equal effective-
ness for stroke prevention10,11,13,14 compared to warfarin.

However, there may be important variability in the relative 
safety and effectiveness of DOACs versus warfarin from one 
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Background: Direct oral anticoagulants (DOACs) have widely replaced warfarin for stroke prevention in nonvalvular atrial fibrillation. 
Our objective was to compare the safety and effectiveness of DOACs (dabigatran, rivaroxaban, apixaban) versus warfarin for stroke 
prevention in nonvalvular atrial fibrillation in the Canadian setting.

Methods: We conducted a population-based observational multicentre cohort study with propensity score matching and subsequent 
meta-analysis. We used health care databases from 7 Canadian provinces (British Columbia, Alberta, Saskatchewan, Manitoba, 
Ontario, Quebec and Nova Scotia). Patients with nonvalvular atrial fibrillation who initiated anticoagulation therapy in 2009–2017 
were matched to an equal number who initiated warfarin. The primary outcome was the pooled hazard ratio (HR) for ischemic stroke 
or systemic embolization. Secondary outcomes included pooled HRs for major bleeding; a composite outcome of stroke, systemic 
embolization, major bleeding and all-cause mortality; and myocardial infarction. We modelled HRs using proportional hazard Cox 
regression with inverse probability of censoring weights, and estimated pooled HRs with random-effect meta-analyses.

Results: We included 128 273  patients who initiated anticoagulation with a DOAC (40 503 dabigatran, 49 498 rivaroxaban and 
38 272 apixaban) and 128 273 patients who initiated anticoagulation with warfarin. The pooled HR for ischemic stroke or systemic 
embolization comparing DOACs to warfarin was 1.02 (95% confidence interval [CI] 0.87 to 1.19). Direct oral anticoagulants were 
associated with lower rates of major bleeding (pooled HR 0.81, 95% CI 0.69 to 0.97), the composite outcome (pooled HR 0.81, 95% 
CI 0.74 to 0.89) and all-cause mortality (pooled HR 0.81, 95% CI 0.78 to 0.85).

Interpretation: In this real-world study, DOACs were associated with similar risks of ischemic stroke or systemic embolization, and 
lower risks of bleeding and total mortality compared to warfarin. These findings support the use of DOACs for anticoagulation in non-
valvular atrial fibrillation. Trial registration: ClinicalTrials.gov, no. NCT03596502
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health care system to another. Primary nonadherence and 
persistence with treatment have been shown to vary widely 
across countries.15,16 A Canadian study using data from 
Ontario showed about 30% nonpersistence with dabigatran 
and rivaroxaban at 6  months, which was associated with 
increased risks of stroke or transient ischemic attack.17 For 
patients treated with warfarin, time in the therapeutic range 
for the international normalized ratio has been shown to vary 
substantially across countries and to affect the safety and 
effectiveness of warfarin treatment.18–21 Data from Canadian 
jurisdictions are lacking.

We sought to compare the safety and effectiveness of 
DOACs and warfarin for stroke prevention in nonvalvular 
atrial fibrillation in the Canadian setting.

Methods

Study design and setting
We conducted a matched-cohort study in 7 Canadian prov-
inces (British Columbia, Alberta, Saskatchewan, Manitoba, 
Ontario, Quebec and Nova Scotia), with each site following a 
common research protocol, and then meta-analyzed the 
results across study sites. The study was conducted by the 
Canadian Network for Observational Drug Effect Studies.22

For each site, the study period was defined as the date of 
availability of dabigatran (the first DOAC to enter the market) 
until the last date of data availability. The site-specific base 
cohort entry dates varied from Jan. 1, 2009, to Apr. 24, 2012, 
and end of follow-up varied from Dec. 31, 2014, to Mar. 31, 
2017. The study protocol was registered at ClinicalTrials.gov 
(NCT03596502).

Data sources
We used administrative health care data from the 7 provinces. 
All sites had access to provincial health insurance registries, 
physician billing claims, emergency department records 
(except for BC, Manitoba and Quebec), hospital discharge 
abstracts (medical diagnoses) and prescription drug claims. 
The Ontario and Nova Scotia data were restricted to patients 
aged 65 years or more. The Quebec data were restricted to 
those aged 65 years or more, beneficiaries of social assistance 
and those subscribing to the public insurance drug plan (40% 
of the total population). Other jurisdictions had no age or 
social status limitations. The sites and their data sources have 
been described in detail previously.22 The names of the indi-
vidual data sets are listed in Appendix 1 (available at www.
cmajopen.ca/content/8/4/E877/suppl/DC1). These data sets 
are linked in an anonymous fashion by means of coded health 
insurance numbers, they have very little missing informa-
tion,23–25 and they are used routinely to study drug safety.26–28

Participants
At each site, we created a base cohort of all patients aged 
18 years or more who initiated oral anticoagulant therapy and 
had a diagnosis of nonvalvular atrial fibrillation. We defined 
the date of the first dispensation for warfarin, dabigatran, riva-
roxaban or apixaban as base cohort entry date. Patients were 

excluded if they had received oral anticoagulant treatment 
with any of the study drugs in the prior 365  days. Other 
exclusion criteria (applied sequentially) were absence of health 
care coverage in the 365 days before entry date; diagnosis of 
venous thromboembolism in the 365 days before entry date; 
hemodialysis in the 90 days before entry date; diagnosis of val-
vular heart disease or cardiac valve surgery at any time before 
entry date; hip, femur or knee surgery within 30 days before 
entry date; a diagnosis of antiphospholipid syndrome at any 
time in the past; and an absence of a diagnostic code for atrial 
fibrillation or atrial flutter in the prior 3 years (International 
Classification of Diseases, 9th Revision [ICD-9] 427.3, Interna-
tional Statistical Classification of Diseases and Related Health Prob-
lems, 10th Revision [ICD-10] I48.x). Patients were followed 
until occurrence of an event (defined below), censoring owing 
to death, end of health or drug insurance, or end of data avail-
ability, whichever occurred first.

Study cohort definition
From the base cohort at each participating site, we assembled a 
study cohort of new users of orally administered anticoagulants 
comparing DOACs to warfarin. Each patient entering the base 
cohort with a dispensation for a DOAC was matched with 
replacement to 1 patient entering the base cohort with warfa-
rin. Patients were matched on age at cohort entry date (± 365 d 
if exact birthdate was known, ± 1 yr if age was rounded to the 
year, or in the same age category for sites with age categories), 
sex, study cohort entry date (± 365 d) and a propensity score 
measuring the probability of receiving DOACs (within a maxi-
mum propensity score caliper of 0.2*standard deviation of the 
propensity score on the logit scale). Users of DOACs with no 
possible matches were excluded.

We modelled propensity to receive DOACs at base cohort 
entry using logistic regression conditional on baseline covari-
ates, which we selected based on a priori knowledge. These 
included age, sex, all components of the CHADS (congestive 
heart failure, hypertension, age ≥  75  yr, diabetes, stroke) 
score29 and HAS-BLED (hypertension, abnormal renal and 
liver function, stroke, bleeding, labile international normalized 
ratio, elderly [age > 65 yr], drugs or alcohol [≥ 8 drinks/wk]) 
score,30 and other medical comorbidities, procedures or drugs 
deemed to be associated with stroke or bleeding risk. All 
included covariates are listed in Appendix 2 (available at www.
cmajopen.ca/content/8/4/E877/suppl/DC1). We trimmed 
propensity score distributions at the lowest and highest 5% of 
the propensity score values (over both groups together).

Study period and exposure definition
We defined cohort entry date as the date of base cohort entry 
(date of first dispensation for oral anticoagulant therapy) for 
both DOAC users and warfarin users. Patients were right-
censored at the earliest of end of health insurance coverage, 
end of data availability, switch from warfarin to DOAC, switch 
from DOAC to warfarin or occurrence of an absolute contra-
indication to DOAC therapy (defined as initiation of hemodi-
alysis or heart valve surgery). Patients were considered exposed 
to the anticoagulant received at baseline until censored.
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Outcomes
The primary outcome was ischemic stroke or systemic embo-
lization defined in an acute care hospital discharge abstract 
and labelled as the primary or most responsible diagnosis for 
the admission. Ischemic stroke and systemic embolization 
were defined with ICD-9 (434.x, 444.x) and ICD-10 (I63.x, 
I64.x, I74.x) codes for all sites.

The prespecified secondary outcomes were major bleeding; 
a composite outcome of stroke (ischemic or hemorrhagic), sys-
temic embolization, major bleeding and all-cause mortality; 
myocardial infarction; and composite outcome stratified by age 
(< 85 v. ≥ 85  yr at cohort entry date) and sex. We defined 
major bleeding as a composite of intracranial (including hem-
orrhagic stroke), gastrointestinal, ocular, and any other bleed-
ing necessitating hospital admission or an emergency depart-
ment visit. The complete list of diagnostic codes used to define 
the secondary outcomes is provided in Appendix 2.

Statistical analysis
We described baseline characteristics of patients in the base 
and study cohorts using means and proportions.

For each study site, we constructed Cox proportional haz-
ard models with censoring weights to model the hazard ratios 
(HRs) for each outcome. The models did not account for 
matching.31 To account for nonrandom attrition due to 
switches from warfarin to a DOAC or from a DOAC to war-
farin, we used inverse probability of censoring weights.32,33 
We built weights as follows. Patient covariates, treatment use 
and censoring status were updated at 28-day intervals. Then, 
we fit a pooled logistic regression model across all intervals, 
which modelled the probability of remaining uncensored at 
each time t given the covariates at time t – 1. Weights used in 
the analysis were the inverse of that probability. We gener-
ated censoring weights (1 per at-risk patient-time) separately 
(in fully stratified models) for DOAC and warfarin initiators. 
We did this because a switch from a DOAC to warfarin is due 
to a different clinical dynamic than a switch from warfarin to a 
DOAC. For example, patients with chronic renal disease are 
more likely to switch from a DOAC to warfarin and less likely 
to switch from warfarin to a DOAC.

To estimate the incidence of the components of the pri-
mary and secondary outcomes, we generated survival curves 
and derived the corresponding 1-year cumulative incidence 
proportion from the Kaplan–Meier estimates.

To study effect modification by age and sex, we added to 
the models an interaction term between treatment group and 
age less than 85 years and age 85 years or more, and between 
treatment group and sex, and presented stratified results. We 
assessed the significance of the interaction term using a likeli-
hood ratio test. We conducted site-specific analyses using SAS 
software (SAS Institute).

We meta-analyzed marginal site-specific HRs, 1-year 
cumulative incidence proportions and incidence differences 
for each of the primary and secondary outcomes across sites 
using DerSimonian and Laird random-effects models with 
inverse variance weighting to estimate pooled HRs and their 
95% confidence intervals (CIs). We chose random-effects 

models a priori owing to the heterogeneity of populations 
across sites. We calculated the I2 statistic to describe heteroge-
neity. We performed meta-analyses using the metan com-
mand in Stata version 14.1 (StataCorp).

Ethics approval
Research ethics board approval was obtained at participating 
sites as required (Appendix 1).

Results

Patients’ selection into the base cohort is shown in Figure 1. 
At base cohort entry, 142 336 patients received DOACs (of 
whom 44 639 [31.4%] received dabigatran, 55 131 [38.7%] 
rivaroxaban and 42 566 [29.9%] apixaban), and 113 515 
received warfarin. The baseline characteristics of patients 
included in the base cohort are presented in Table 1 and 
Appendix 3, Supplemental Table S1 (available at www.
cmajopen.ca/content/8/4/E877/suppl/DC1). Compared to 
patients receiving DOACs, those receiving warfarin were 
older (75.8 v. 74.7 yr) and more likely to have medical comor-
bidities such as congestive heart failure (34.2% v. 23.6%), 
hypertension (80.1% v. 74.6%), diabetes (36.4% v. 30.1%), 
prior stroke (20.6% v. 16.5%), chronic kidney injury (18.0% 
v. 10.1%) and peripheral vascular disease (18.2% v. 12.6%).

The characteristics of the study cohort are presented in 
Table 2 and Appendix 3, Supplemental Table S2. Among the 
patients initiating DOACs, we were able to match 128 273 
(90.1%) to a patient initiating warfarin. Of the DOAC initia-
tors, 40 503 (31.6%) took dabigatran, 49 498 (38.6%) took 
rivaroxaban and 38 272 (29.8%) took apixaban. The DOAC 
and warfarin groups were similar in mean age (75.3 yr), sex 
(52.4% male) and all covariates included in the propensity 
score, including CHADS score (mean 2.4 in the 2 groups). 
The mean total length of follow-up was 2 years for patients 
initiating warfarin and 1.9 years for those initiating a DOAC. 
During follow-up, 5.7% of DOAC initiators switched to war-
farin, and 35.0% of warfarin initiators switched to a DOAC. 
Among DOACs initiators, the lower dosing regimen was 
received by 51.5% of dabigatran users, 30.3% of rivaroxaban 
users and 35.1% of apixaban users.

The results of the analysis for the primary and secondary 
outcomes are presented in Table 3, Figure 2 and Appendix 3, 
Supplemental Figure S1. There was no difference in the 
pooled HR for ischemic stroke or systemic embolization 
between DOACs and warfarin (pooled HR 1.02, 95% CI 0.87 
to 1.19), with no evidence of significant heterogeneity across 
sites (I2 = 25.6%, p = 0.2). There were lower risks of major 
bleeding (pooled HR 0.81, 95% CI 0.69 to 0.97) and intracra-
nial bleeding (pooled HR 0.55, 95% CI 0.45 to 0.66) with 
DOACs than with warfarin. There was no difference in 
pooled HR for myocardial infarction or gastrointestinal bleed-
ing. The pooled HR for the composite outcome of stroke, sys-
temic embolization, major bleeding and all-cause mortality 
favoured DOAC (pooled HR 0.81, 95% CI 0.74 to 0.89). All-
cause mortality was lower in the DOAC group (pooled HR 
0.81, 95% CI 0.78 to 0.85). Similar results were observed 
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across subgroups defined by age and sex (Appendix 3, Supple-
mental Table S3). The absolute number of events for each 
outcome are shown in Appendix 3, Supplemental Table S4. 
For the outcomes of major bleeding and the composite out-
come, there was substantial heterogeneity in point estimates 
across sites.

Cumulative 1-year incidence of outcomes
Table 4 and Appendix 3, Supplemental Figure S2 show the 
1-year cumulative incidences and corresponding incidence 
differences for each outcome. At 1 year, exposure to DOACs 
compared to warfarin was associated with –1.56 (95% CI 
–2.79 to –0.33) ischemic strokes or systemic emboli per 
1000 patient-years. Exposure to DOACs was associated with 

–6.16 (95% CI –13.55 to 1.22) major bleeding events, –1.25 
(95% CI –2.32 to –0.17) intracranial bleeds and –13.79 (95% 
CI –21.59 to –5.98) deaths per 1000 patients at 1 year.

Interpretation

We found no difference in the incidence of ischemic stroke or 
systemic embolization in patients with nonvalvular atrial 
fibrillation who received anticoagulation therapy with 
DOACs versus warfarin. However, we found that use of 
DOACs was associated with fewer major bleeding events, 
intracranial bleeding events and deaths.

Our findings are largely consistent with the published liter-
ature. Recent meta-analyses of observational studies showed 

Exclusions

Data inconsistencies (missing data for 
sex, age or death date)

< 365 d of health care coverage 

Age < 18 yr*

Prescription for multiple drugs 
under study 

Diagnosis of venous thromboembolism
≤ 365 d

Hemodialysis < 90 d

Hip, femur or knee surgery ≤ 30 d

No diagnosis of atrial fibrillation
≤ 1095 d

Diagnosis of antiphospholipid 
syndrome

Diagnosis of valvular heart disease or 
cardiac valve surgery 

Warfarin
n = 323 708

n = 113 515

n = 10 515

n = 19 931

n = 195

n = 80 780

n = 3480

n = 3473

n = 51 886

n = 2159

n = 36 710

n = 745

DOACs 
n = 421 151

n = 142 336 

n = 8760

n = 23 937

n = 252

n = 38 366

n = 144

n = 131 316

n = 47 563

n = 1897

n = 23 051

n = 511

Figure 1: Flow diagram showing inclusion of patients into the base cohort. Numbers do not add up exactly owing to suppression of small cells 
for confidentiality reasons. Note: DOAC = direct oral anticoagulant. *Less than 66 years for sites with comprehensive drug claim data only for 
older adults (Ontario, Nova Scotia).
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Table 1: Baseline characteristics of patients included in the base cohort

Characteristic

Group; no. (%) of patients*†

DOAC 
n = 142 336

Warfarin 
n = 113 515

Age, mean ± SE, yr 74.7 ± 1.3 75.8 ± 0.9

Sex, male 76 572 (53.8) 61 200 (53.9)

Year of base cohort entry

2009–2010 302 (0.2) 19 093 (16.8)

2011–2012 29 959 (21.0) 40 022 (35.3)

2013–2014 56 574 (39.7) 37 457 (33.0)

2015–2016 55 420 (38.9) 16 943 (14.9)

DOAC received at study entry

Dabigatran 44 639 (31.4) –

    110 mg twice daily 22 296 (49.9) –

    150 mg twice daily 20 409 (45.7) –

    Other 1934 (4.3) –

Rivaroxaban 55 131 (38.7) –

    15 mg once daily 13 473 (24.4) –

    20 mg once daily 39 005 (70.7) –

    Other 2653 (4.8) –

Apixaban 42 566 (29.9) –

    2.5 mg twice daily 14 250 (33.5) –

    5 mg twice daily 26 504 (62.3) –

    Other 1812 (4.3) –

Treatment switches 6826 (4.8) 32 780 (28.9)

Length of follow-up, mean ± SE, d 624.7 ± 67.1 1015.2 ± 96.1

Medical diagnoses

Congestive heart failure 33 558 (23.6) 38 824 (34.2)

Hypertension 106 256 (74.6) 90 957 (80.1)

Diabetes 42 813 (30.1) 41 327 (36.4)

Stroke 23 540 (16.5) 23 396 (20.6)

Transient ischemic attack 7314 (5.1) 6788 (6.0)

Chronic kidney injury 14 345 (10.1) 20 470 (18.0)

Acute kidney injury 5798 (4.1) 9505 (8.4)

Liver disease 5739 (4.0) 4270 (3.8)

Cancer 15 039 (10.6) 14 606 (12.9)

Chronic obstructive pulmonary disease 38 010 (26.7) 38 864 (34.2)

Coronary atherosclerosis 64 340 (45.2) 57 846 (51.0)

Myocardial infarction 19 978 (14.0) 21 914 (19.3)

Peripheral vascular disease 17 873 (12.6) 20 668 (18.2)

Prior bleeding 9208 (6.5) 11 942 (10.5)

Dementia 14 866 (10.4) 12 018 (10.6)

Note: DOAC = direct oral anticoagulant, SE = standard error.
*Except where noted otherwise.
†Inconsistencies in total number of patients for categoric variables are due to deletion of small cells for 
confidentiality reasons.
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either a similar or a lower risk of stroke associated with 
DOAC use compared to warfarin, with heterogeneity regard-
ing which DOAC was associated with reduced risk of 

stroke.10,13,14 A large observational study from Sweden, in 
which warfarin-exposed patients had a time in therapeutic 
range of international normalized ratio measurements of 

Table 2: Baseline characteristics of patients included in the matched* study cohorts

Characteristic

Group; no. (%) of patients†

DOAC 
n = 128 273

Warfarin 
n = 128 273

Age, mean ± SE, yr 75.3 ± 0.9 75.3 ± 0.9

Sex, male 67 159 (52.4) 67 159 (52.4)

Year of base cohort entry

2009–2010 259 (0.2) 1222 (1.0)

2011–2012 27 332 (21.3) 26 356 (20.5)

2013–2014 51 343 (40.0) 55 451 (43.2)

2015–2016 49 339 (38.5) 45 244 (35.3)

DOAC received at study entry

Dabigatran 40 503 (31.6) –

    110 mg twice daily 20 857 (51.5) –

    150 mg twice daily 18 134 (44.8) –

    Other 1512 (3.7) –

Rivaroxaban 49 498 (38.6) –

    15 mg once daily 14 981 (30.3) –

    20 mg once daily 31 706 (64.1) –

    Other 2811 (5.7) –

Apixaban 38 272 (29.8) –

    2.5 mg twice daily 13 452 (35.1) –

    5 mg twice daily 23 465 (61.3) –

    Other 1355 (3.5) –

Treatment switches 7360 (5.7) 44 950 (35.0)

Length of follow-up, mean ± SE, d 715 ± 50.20 762 ± 93.3

Medical diagnoses

Congestive heart failure 29 970 (23.4) 29 740 (23.2)

Hypertension 99 835 (77.8) 99 430 (77.5)

Diabetes 38 801 (30.2) 38 931 (30.4)

Stroke 22 274 (17.4) 22 178 (17.3)

Transient ischemic attack 6557 (5.1) 6354 (5.0)

Chronic kidney injury 11 423 (8.9) 12 391 (9.7)

Acute kidney injury 3843 (3.0) 4961 (3.9)

Liver disease 4882 (3.8) 5196 (4.0)

Cancer 13 624 (10.6) 14 186 (11.1)

Chronic obstructive pulmonary disease 34 308 (26.7) 34 553 (26.9)

Coronary atherosclerosis 56 766 (44.2) 54 435 (42.4)

Myocardial infarction 17 587 (13.7) 17 714 (13.8)

Peripheral vascular disease 15 997 (12.5) 16 526 (12.9)

Prior bleeding 8115 (6.3) 8912 (6.9)

Dementia 12 691 (9.9) 12 758 (9.9)

CHADS score, mean ± SE 2.41 ± 0.43 2.4 ± 0.41

Note: CHADS = congestive heart failure, hypertension, age ≥ 75 yr, diabetes, stroke; DOAC = direct oral 
anticoagulant; SE = standard error.
*Matched on age, sex, calendar date and propensity score.
†Except where noted otherwise.
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Table 3: Crude and adjusted hazard ratios for all outcomes, direct oral anticoagulants versus warfarin

Outcome

HR (95% CI)

Crude* Adjusted†

Ischemic stroke or systemic embolization 0.88 (0.80 to 0.97) 1.02 (0.87 to 1.20)

Major bleeding 0.81 (0.72 to 0.92) 0.81 (0.69 to 0.97)

Composite of ischemic stroke or systemic embolization, 
major bleeding, and all-cause mortality

0.78 (0.73 to 0.84) 0.81 (0.74 to 0.89)

Myocardial infarction 0.92 (0.83 to 1.02) 0.96 (0.84 to 1.09)

Intracranial bleeding 0.62 (0.54 to 0.71) 0.55 (0.45 to 0.66)

Gastrointestinal bleeding 0.98 (0.89 to 1.07) 1.00 (0.88 to 1.15)

All-cause mortality 0.74 (0.70 to 0.78) 0.81 (0.78 to 0.85)

Note: CI = confidence interval, HR = hazard ratio.
*Unadjusted for censoring.
†Weighted model for inverse probability of censoring.

Ischemic stroke/systemic embolization

British Columbia

Alberta

Saskatchewan

Manitoba

Ontario

Quebec

Nova Scotia

Subtotal  (I2 = 25.6%, p = 0.2)

Major bleeding

British Columbia

Alberta

Saskatchewan

Manitoba

Ontario

Quebec

Nova Scotia

Subtotal  (I2 = 85.6%, p = 0.0)

Composite outcome

British Columbia

Alberta

Saskatchewan

Manitoba

Ontario

Quebec

Nova Scotia

Subtotal  (I2 = 79.7%, p = 0.0)

Outcome; site HR (95% CI)

26.22

12.12

7.77

7.18

20.71

25.14

0.87

100.00

18.20

17.15

14.14

10.87

19.16

18.64

1.84

100.00

18.15

15.83

12.79

11.56

19.51

18.73

3.44

100.00

Weight, %

11

Favours  DOACs Favours  warfarin

0.87 (0.58 to 1.32)

1.64 (0.96 to 2.81)

1.61 (0.92 to 2.83)

0.90 (0.68 to 1.20)

0.98 (0.77 to 1.25)

2.06 (0.37 to 11.36)

1.02 (0.87 to 1.19)

1.14 (1.00 to 1.29)

0.65 (0.55 to 0.76)

0.81 (0.63 to 1.04)

0.91 (0.64 to 1.30)

0.83 (0.76 to 0.91)

0.71 (0.64 to 0.80)

0.41 (0.12 to 1.34)

0.81 (0.69 to 0.97)

0.97 (0.89 to 1.05)

0.72 (0.64 to 0.81)

0.85 (0.72 to 1.00)

0.80 (0.67 to 0.97)

0.85 (0.80 to 0.90)

0.75 (0.70 to 0.81)

0.59 (0.37 to 0.93)

0.81 (0.74 to 0.89)

0.93 (0.74 to 1.18)

Figure 2: Pooled hazard ratios (HRs) for stroke or systemic embolization, major bleeding, and the composite outcome of stroke, systemic 
embolization, major bleeding and all-cause mortality. Note: CI = confidence interval.
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71.4%, also showed a similar HR for ischemic strokes for 
DOACs and warfarin.34 In their recent observational studies, 
however, both Lip and colleagues35 and Graham and col-
leagues36 reported decreased risk of stroke with all 3 DOACs 
compared to warfarin.

Recent meta-analyses showed similar major bleeding risks 
with rivaroxaban compared to warfarin,10,11,13,14 lower or simi-
lar major bleeding risk with dabigatran,10,11,13 and lower major 
bleeding risk with apixaban.10,11,13 The finding that is most 
consistent across the literature is that of lower intracranial 
bleeds with DOACs than with warfarin.11,13,14,36,37 Increased 
mortality in warfarin cohorts was also reported in a network 
meta-analysis of 18 randomized controlled trials, as well as in 
a large recent observational study.36,38 Our study confirms that 
use of DOACs confers similar results in terms of safety and 
effectiveness in the Canadian setting compared to other 
jurisdictions.

We found substantial heterogeneity across provinces in the 
composite and safety outcomes. This may have been due to 
the distinct populations captured in the data (e.g.,  Ontario 
captures data only for people aged ≥ 65 yr, Quebec captures a 
fraction of younger people, and the other provinces’ databases 
capture all ages). It may also have been due to different prac-
tices in use of warfarin or DOACs that our data did not 
capture.

Strengths of our study include its large sample and the 
inclusion of data from 7 provinces, which make our results 
generalizable to the Canadian population. The new user 
design is another strength, as it avoids bias due to inclusion 
of treatment switchers and bias due to depletion of suscepti-
bles, which are present when patients previously exposed to 
warfarin are included as new users of DOACs.39 The use of 
a common protocol to conduct the studies in each of the 
participating sites also ensured better comparability of the 
results across sites and meaningful pooled estimates. Our 
exposure definition is reliable, as it is based on pharmaceuti-
cal dispensations.

Our outcome definitions relied on hospital discharge 
abstracts, which are reviewed by trained medical record 

abstractors and therefore are considered a reliable data 
source. The Canadian Institute for Health Information per-
formed an extensive review of the validity of abstract dis-
charge summaries across Canada and found high agreement 
between admission diagnoses in the discharge abstract data-
base and reabstraction by chart review. For instance, the 
agreement for ischemic stroke yielded a κ  value of 0.81 
(95% CI 0.77 to 0.85), sensitivity of 76% (95% CI 70% to 
81%) and a positive predictive value of 87% (95% CI 82% 
to 91%).25

Limitations
We tried to minimize confounding by matching on a propen-
sity score that adjusted for an extensive list of medical comor-
bidities, medical procedures and co-medications, and ensured 
that potential informative censoring was adjusted for with the 
use of inverse probability of censoring weights. Nevertheless, 
several potential confounders, such as socioeconomic status, 
smoking and, most important of all, precise measures of kid-
ney function, were absent from the data. Our results may be 
subject to residual confounding, which would have biased 
results in favour of the DOAC group, as DOACs are contra-
indicated at various levels of renal failure. Our data also lacked 
international normalized ratio measurements; therefore, we 
were unable to calculate time in therapeutic target for the 
patients treated with warfarin. We also performed numerous 
analyses given the large number of secondary outcomes. We 
recognize that this may have led to inflation of type 1 error 
and that the results for secondary outcomes should be inter-
preted with caution.

Conclusion
We found that the use of DOACs in patients with nonvalvu-
lar atrial fibrillation in the Canadian setting was associated 
with similar protection from ischemic stroke and systemic 
embolization compared to warfarin, as well as less major 
bleeding, in particular intracranial bleeding. These findings 
support the use of DOACs for anticoagulation in nonvalvular 
atrial fibrillation.

Table 4: Pooled cumulative incidence and incidence difference per 1000 patients at 1 year for individual 
components of the primary and secondary outcomes

Outcome

Group; 1-year cumulative incidence per 1000 patients 
(95% CI)

Incidence difference 
(95% CI)DOAC Warfarin

Ischemic stroke or systemic 
embolization

7.71 (5.67 to 9.75) 8.88 (5.22 to 12.54) –1.56 (–2.79 to –0.33)

Major bleeding 35.97 (23.60 to 48.34) 41.86 (21.23 to 62.49) –6.16 (–13.55 to 1.22)

Intracranial bleeding 2.84 (1.87 to 3.81) 4.10 (1.58 to 6.62) –1.25 (–2.32 to –0.17)

Gastrointestinal bleeding 19.00 (14.11 to 23.90) 15.49 (8.99 to 21.98) 1.08 (–0.72 to 2.88)

Myocardial infarction 7.50 (5.55 to 9.36) 7.40 (3.47 to 11.32) –0.29 (–1.42 to 0.83)

All-cause mortality 54.00 (37.91 to 70.09) 65.64 (47.16 to 84.12) –13.79 (–21.59 to –5.98)

Note: CI = confidence interval, DOAC = direct oral anticoagulant.
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