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ABSTRACT
OBJECTIVE
To determine the safety of direct oral anticoagulant
(DOAC) use compared with warfarin use for the
treatment of venous thromboembolism.
DESIGN
Retrospective matched cohort study conducted
between 1 January 2009 and 31 March 2016.
SETTING
Community based, using healthcare data from six
jurisdictions in Canada and the United States.
PARTICIPANTS
59 525 adults (12 489 DOAC users; 47 036
warfarin users) with a new diagnosis of venous
thromboembolism and a prescription for a DOAC or
warfarin within 30 days of diagnosis.
MAIN OUTCOME MEASURES
Outcomes included hospital admission or emergency
department visit for major bleeding and all cause
mortality within 90 days after starting treatment.
Propensity score matching and shared frailty models
were used to estimate adjusted hazard ratios of the
outcomes comparing DOACs with warfarin. Analyses
were conducted independently at each site, with
meta-analytical methods used to estimate pooled
hazard ratios across sites.
RESULTS
Of the 59 525 participants, 1967 (3.3%) had a major
bleed and 1029 (1.7%) died over a mean follow-up
of 85.2 days. The risk of major bleeding was similar
for DOAC compared with warfarin use (pooled hazard
ratio 0.92, 95% confidence interval 0.82 to 1.03),
with the overall direction of the association favouring

What is already known on this topic
Non-inferiority randomised trials have shown similar efficacy and a reduced
or similar risk of major bleeding complications for direct oral anticoagulants
(DOACs) compared with warfarin in the treatment of venous thromboembolism
Clinical trials include a highly selected patient group, so the rate of safety events
such as major bleeding reported in trials often does not reflect those observed in
routine clinical practice

What this study adds
This large multicentre, population based study suggests that DOAC use is not
associated with higher major bleeding risk in venous thromboembolism
A series of sensitivity and subgroup analyses ensured the robustness of study
findings and showed consistent findings in different patient groups
the bmj | BMJ 2017;359:j4323 | doi: 10.1136/bmj.j4323

DOAC use. No difference was found in the risk of death
(pooled hazard ratio 0.99, 0.84 to 1.16) for DOACs
compared with warfarin use. There was no evidence
of heterogeneity across centres, between patients
with and without chronic kidney disease, across age
groups, or between male and female patients.
CONCLUSIONS
In this analysis of adults with incident venous
thromboembolism, treatment with DOACs, compared
with warfarin, was not associated with an increased
risk of major bleeding or all cause mortality in the first
90 days of treatment.
TRIAL REGISTRATION
Clinical trials NCT02833987.

Introduction
Venous thromboembolism, a condition that includes
deep venous thrombosis and pulmonary embolism, is
common with an annual incidence of approximately
one case per 1000 people.1 As the third most common
cause of vascular related death after myocardial
infarction and stroke, venous thromboembolism is
associated with considerable morbidity and premature
mortality.2
Warfarin has been the primary oral anticoagulant
used for treatment of venous thromboembolism
but has inherent limitations that detract from its
therapeutic utility, with a narrow therapeutic index
and variability in patients’ responses dependent on a
range of factors including diet and concomitant drugs.3
In contrast, direct oral anticoagulants (DOACs) have
relatively stable pharmacokinetics that remove the
need for regular monitoring and dose adjustment.4
Recent non-inferiority trials assessing the efficacy
and safety of DOACs compared with warfarin in the
treatment of acute venous thromboembolism and
prevention of recurrent venous thromboembolism
have shown comparable efficacy without significantly
increased risk of major bleeding.5-8 However, trials
are not typically designed to detect differences in
safety outcomes. In addition, bleeding rates are
underestimated in randomised trials,9 as patients with
a history of bleeding are usually excluded. Population
based comparative assessments of the safety of DOACs
for treatment of venous thromboembolism are lacking.
With DOACs being increasingly used in clinical
practice, a need exists to better delineate their safety
using real world, population based data sources to
inform clinical practice.
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Comparative safety of direct oral anticoagulants and warfarin
in venous thromboembolism: multicentre, population based,
observational study
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Methods
Study design and source population
We conducted a retrospective, propensity score
matched cohort study using healthcare data from
six jurisdictions (the Canadian provinces of Alberta,
Manitoba, Ontario, Quebec, and Saskatchewan
and the United States (MarketScan)) according to a
prespecified common protocol (https://clinicaltrials.
gov/ct2/show/NCT02833987).
Cohort definition
The study cohort included adults aged 18 years or
over (66 years or over in Ontario) newly dispensed
either a DOAC (apixaban, dabigatran, or rivaroxaban)
or warfarin between 1 January 2009 and 180 days
before the end date of the available database at each
site (the latest end date was 31 March 2016). Patients
were eligible for inclusion if they had a new diagnosis
of venous thromboembolism, defined as at least one
diagnostic code for venous thromboembolism within 30
days before the date of the first prescription for a DOAC
or warfarin (the diagnosis ascertainment period). Our
definition for venous thromboembolism included deep
venous thrombosis and pulmonary embolism,10-12
and we identified venous thromboembolism events
by using hospital admission, emergency department,
and/or physician claims databases. ICD (international
classification of diseases) diagnosis codes from the
9th (ICD-9) and 10th (ICD-10-CA) revisions are shown
in supplementary table A. We excluded patients who
had a previous diagnosis of venous thromboembolism
or atrial fibrillation 335 days or less before this first
venous thromboembolism diagnosis, less than one
year of information in the database before the date
of the incident venous thromboembolism diagnosis,
a prescription for a DOAC or warfarin within one
year before the cohort entry date, or both a DOAC
and warfarin prescribed on the date of their first
prescription.
We defined cohort entry as the date of the first
prescription for a DOAC or warfarin. We matched up to
five warfarin users with each DOAC user. A warfarin user
could serve as a match for more than one DOAC user,
but only once. Matching was based on age at cohort
entry (within one year either side), sex, date of cohort
entry (within one year either side), and a propensity
score reflecting the probability of being treated with a
DOAC at the time of cohort entry (detailed below). We
considered exposure to a DOAC or warfarin as a time
fixed variable throughout the study follow-up.
Outcome definition
The primary outcome was time to an incident major
bleed (see supplementary table A for a list of the
2

validated ICD-9 and ICD-10-CA diagnosis codes),
defined as first hospital admission or emergency
department visit for intracranial, gastrointestinal, or
other bleeding in the 90 days after cohort entry. This
algorithm for major bleeding has 94% sensitivity
and 83% specificity.13 14 The secondary outcome was
all cause mortality in the 90 days after cohort entry.
We followed participants from cohort entry until
the earliest of the major bleeding event, death, outmigration (out of the province for Canadian sites), or
study end (defined as 90 days after the cohort entry for
the primary analysis). We were unable to ascertain the
outcome of mortality in the US MarketScan database,
as this information was unavailable.

Covariates
Information on demographic characteristics and
comorbid conditions came from the healthcare data
files of the included sites. We defined comorbid
conditions a priori on the basis of previous research,15
and we defined clinical expertise by inpatient or
outpatient ICD-9 and ICD-10-CA diagnosis codes
based on information available for the 365 days
before cohort entry. Comorbid conditions included
diabetes, hypertension, chronic kidney disease,
acute kidney injury, history of cardiovascular disease
(including ischaemic heart disease, congestive heart
failure, cardiomyopathy, valvular heart disease,
and pacemaker or defibrillator), peripheral vascular
disease, cerebrovascular disease (including transient
ischaemic attack and all stroke subtypes), chronic
obstructive pulmonary disease, liver disease, and
cancer. We also included history of major bleeding
(hospital admission or emergency department visit
in the previous 365 days) and residence in long term
care (for sites that could identify this). Antiplatelet
agent, non-steroidal anti-inflammatory drug, or
gastroprotective drug use, defined as at least one
dispensed prescription within 90 days before cohort
entry, came from prescription drug records.
Statistical analysis
We developed a multivariable logistic regression
model that included demographic information,
comorbid conditions (listed above), and prescription
antiplatelet agents, non-steroidal anti-inflammatory
drugs, and gastroprotective drugs to estimate the
probability (propensity) of being treated with a
DOAC, conditional on the included covariates. We
excluded 5% of patients at each end of the propensity
score distribution. We matched up to five warfarin
users with each DOAC user (with replacement) on
age at cohort entry date, sex, cohort entry date,
and the propensity score (based on a calliper width
of 0.02 of the log odds of the propensity score). We
assessed the balance in the covariates between the
DOAC and warfarin exposure groups before and after
matching by using the standardised mean difference
(expressed as a percentage), whereby an absolute
standardised mean difference below 10% implied
acceptable balance.16
doi: 10.1136/bmj.j4323 | BMJ 2017;359:j4323 | the bmj
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We used a multicentre, population based, propensity
score matched cohort of adults with incident venous
thromboembolism to assess the safety (major bleeding
and all cause mortality) of DOACs (dabigatran,
apixaban, or rivaroxaban) compared with warfarin for
the treatment of incident venous thromboembolism.
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Secondary analyses

In secondary analyses, we assessed the risk of
major bleeding associated with DOACs compared
with warfarin for the treatment of incident venous
thromboembolism according to chronic kidney disease
status (defined on the basis of on a validated algorithm,
using ICD-9 (403 and 585) and ICD-10-CA (E102,
E112, E132, E142, I12, I13, N08, N18, and N19)
codes).18-20 We also assessed the risk of major bleeding
and all cause mortality outcomes associated with
DOAC use compared with warfarin use stratified by age
group (≤65, 66-75, 76-85, and >85 years) and sex.

Sensitivity analyses

We did several sensitivity analyses to confirm the
robustness of our findings. We repeated all analyses
using a venous thromboembolism diagnosis
ascertainment period of 15 days, excluding all patients
with a diagnosis of venous thromboembolism or atrial
fibrillation during a period of 1065 days before the
new venous thromboembolism diagnosis, and using
an extended duration of follow-up (180 days).

Meta-analysis

Analyses were conducted independently at each
participating site according to a common analytical
protocol and then pooled using meta-analysis
techniques with a fixed effects model, which assumes
that variation between studies is the estimate
associated with sampling error. We calculated
inverse variance weighted pooled risk estimates and
95% confidence intervals. We used Review Manager
software, version 5.3, for analyses.

Exclusion of Clinical Practice Research Database
and province of Nova Scotia

As specified in the study protocol, we had sought
to include data from the UK based Clinical Practice
Research Database (CPRD). However, the results on
mortality obtained in the CPRD were clearly different
from those at other sites. On review of the literature
on venous thromboembolism and mortality using
the CPRD,21 we determined that mortality from
venous thromboembolism based on CPRD data are
substantially underestimated using the general
practice electronic records.22 We therefore excluded
CPRD data. We also sought to include data from the
Canadian province of Nova Scotia. However, owing
the bmj | BMJ 2017;359:j4323 | doi: 10.1136/bmj.j4323

to the small size of the matched cohort (n=60), the
limited number of major bleeding events observed
across the DOAC and warfarin exposure groups (none
observed in the DOAC group), and the subsequent
non-convergence of models and limited ability to do
additional secondary and sensitivity analyses, we
excluded Nova Scotia from all analyses.

Patient involvement
This study involved the secondary use of existing
data sources and did not include patients as study
participants. No patients were involved in setting the
research question, the study design, or the overall
conduct of the study. There are no plans to involve
patients in the dissemination of study findings.
Results
Patients’ characteristics
We identified 148 972 adults aged 18 years or over
with a new prescription for a DOAC (n=13 813; 9.3%)
or warfarin (n=135 159; 90.7%) and an incident
diagnosis of venous thromboembolism within 30 days
before this prescription (fig 1). Of these, we included
59 525 adults in the matched analyses (12 489
(21.0%) DOAC users; 47 036 (79.0%) warfarin users).
Overall, after matching, balance was achieved across
all included covariates (supplementary table B). The
mean age of the matched cohort (n=59 525) was 64.3
(SD 15.9) years, and 53.6% were female (table 1).
Among DOAC users, most prescriptions were dispensed
between 2013 and 2015 (88.8%) and rivaroxaban was
the most common DOAC used overall (94.9%). The
proportion of patients who switched from DOACs to
warfarin or from warfarin to DOACs during the followup period was small (374 (3.0%) and 2476 (5.3%),
respectively).
Incidence rates of major bleeding and all cause
mortality
Over a mean follow-up of 85.2 days, 1029 (1.7%)
deaths occurred and 1967 (3.3%) patients had a major
bleed, of which 131 (6.7%), 758 (38.7%), and 1070
(54.6%) were due to an intracranial, gastrointestinal,
and other bleed, respectively. Bleeding rates at 30
days ranged between 0.2% and 2.9% for DOACs and
0.2% and 2.9% for warfarin. Bleeding rates at 60 days
ranged between 0.4% and 4.3% for DOACs and 0.4%
and 4.3% for warfarin.
Hazard ratios for major bleeding and all cause
mortality
Overall, the risk of major bleeding associated with
DOAC use among patients with incident venous
thromboembolism was similar to that with warfarin
use (hazard ratio 0.92, 95% confidence interval 0.82
to 1.03; fig 2), with the direction of the association
favouring DOACs. We observed no evidence of
heterogeneity across included sites (I2=1%, P for
heterogeneity=0.41). We observed similar results for
the outcome of all cause mortality (hazard ratio 0.99,
0.84 to 1.16; I2=0%; P for heterogeneity=0.66; fig 3).
3
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We fitted a shared frailty model based on the matched
cohort to estimate hazard ratios of study outcomes (and
their 95% confidence intervals) in the 90 days after
cohort entry among patients dispensed prescriptions
for DOACs, using warfarin as the reference treatment.
This model accounts for the clustering of individuals
in the matching process and is akin to a random effects
survival model.17 We constructed separate models to
assess the risk of major bleeding and all cause mortality
associated with DOAC use compared with warfarin use.
Analyses were conducted independently at each study
site using linked, encoded data and SAS software.
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Patients with prescription for DOAC or warfarin between 1 January 2009 and end of study (n=2 128 369)

Patients with VTE diagnosis during VTE diagnosis ascertainment period (n=325 976)
Excluded (n=176 962):
<18 years of age at cohort entry (n=879*)
Data records with date inconsistencies (n=131)
<365 days of information available before cohort entry (n=42 221)
Diagnosis of VTE or atrial fibrillation ≤335 days before new VTE diagnosis (n=89 302)
Prescription for DOAC or warfarin ≤365 before cohort entry (n=44 416)
Prescription for both DOAC and warfarin on date of cohort entry (n=13)
Patients in cohort entry (n=148 972)
Patients in matched analysis (n=59 525)

DOAC users (n=12 489)

Warfarin users (n=47 036)

Fig 1 | Flow chart for defining study cohort. Cells of tables with patient counts <5 were
suppressed (S) by participating sites owing to privacy restrictions. The sum of count
data may thus differ slightly from the presented total

Hazard ratios for major bleeding and all cause
mortality according to chronic kidney disease
status, age groups, and sex
We found no significant heterogeneity in the risk of major
bleeding and all cause mortality associated with DOAC

Sensitivity analysis
Overall results remained unchanged in all sensitivity
analyses, including when a longer period of follow-up
(180 days) was used (supplementary figures D and E).
Discussion
In our multicentre, population based, propensity
score matched cohort study of 59 525 adults with
incident venous thromboembolism, we observed that
treatment with DOACs compared with warfarin was
not associated with an increased risk of major bleeding
or all cause mortality in the first 90 days of treatment.
We found similar results for patients with and without
chronic kidney disease, across all age groups, and for
men and women.
Implications and comparison with other studies
Randomised trials assessing the efficacy and safety of
DOAC use compared with vitamin K antagonists for the
treatment of venous thromboembolism have shown
favourable risk-benefit profiles for DOAC treatment.23
Although we did not observe a lower risk of major
bleeding with DOAC treatment in our study, given

Table 1 | Baseline characteristics of overall study population (patients with incident VTE newly prescribed DOACs or warfarin), matched and unmatched
on propensity score*. Values are numbers (percentages) unless stated otherwise
Matched cohort

Unmatched cohort

Characteristics

DOACs (n=12 489)

Warfarin (n=47 036)

DOACs (n=13 813)

Warfarin (n=135 159)

Mean (SD) age, years†
Age group (years):
18-24
25-44
45-64
65-74
75-84
≥85
Female sex
DOAC agent:
Apixaban
Dabigatran
Rivaroxaban
Acute kidney injury
Chronic kidney disease
Diabetes
Hypertension
Previous health services encounter for any major bleeding‡
Cardiovascular disease
Peripheral vascular disease
Cerebrovascular disease
Chronic obstructive pulmonary disease
Liver disease
Cancer
Residence in long term care/personal care facility
Prescription drug use:
Antiplatelet drug
Non-steroidal anti-inflammatory drug
Gastroprotective drug

62.8 (13.8)

64.7 (13.3)

62.9 (14.1)

62.1 (14.8)

222 (1.8)
1573 (12.6)
4508 (36.1)
2951 (23.6)
2274 (18.2)
896 (7.2)
6667 (53.4)

680 (1.4)
5057 (10.8)
14 673 (31.2)
13 045 (27.7)
9866 (21.0)
3715 (7.9)
25 231 (53.6)

254 (1.8)
1732 (12.5)
4956 (35.9)
3263 (23.6)
2499 (18.1)
1076 (7.8)
7255 (52.5)

2459 (1.8)
19 155 (14.2)
51 477 (38.1)
26 280 (19.4)
25 060 (18.5)
10 728 (7.9)
69 135 (51.2)

104 (0.8)
539 (4.3)
11 812 (94.6)
482 (3.9)
370 (3.0)
2445 (19.6)
5325 (42.6)
582 (4.7)
3525 (28.2)
745 (6.0)
618 (4.9)
1570 (12.6)
318 (2.5)
1812 (14.5)
222 (1.8)

NA
NA
NA
2017 (4.3)
1553 (3.3)
8352 (17.8)
19 273 (41.0)
2255 (4.8)
12 281 (26.1)
2584 (5.5)
2043 (4.3)
5539 (11.8)
1203 (2.6)
6708 (14.3)
922 (2.0)

112 (0.8)
590 (4.3)
13 071 (94.6)
632 (4.6)
625 (4.5)
2727 (19.7)
6102 (44.2)
665 (4.8)
4170 (30.2)
851 (6.2)
688 (5.0)
1740 (12.6)
409 (3.0)
1977 (14.3)
255 (1.8)

NA
NA
NA
9664 (7.2)
11 175 (8.3)
29 142 (21.6)
64 851 (48.0)
8455 (6.3)
47 079 (34.8)
11 189 (8.3)
8777 (6.5)
20 461 (15.1)
4586 (3.4)
23 518 (17.4)
2214 (1.6)

2950 (23.6)
4471 (35.8)
4214 (33.7)

10 012 (21.3)
14 029 (29.8)
15 885 (33.8)

3156 (22.8)
5318 (38.5)
4641 (33.6)

38 652 (28.6)
56 970 (42.2)
46 156 (34.1)

DOAC=direct oral anticoagulant; NA=not applicable; VTE=venous thromboembolism.
*Cells of tables with patient counts <5 were suppressed by participating sites owing to privacy restrictions; the sum of count data may thus differ slightly from the presented total.
†Mean sample size weighted age.
‡Major bleeding defined as first hospital admission or emergency department visit for intracranial, gastrointestinal, or other bleeding.
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Patients with no VTE diagnosis during VTE diagnosis ascertainment period (n=1 802 393)

use when we assessed patients according to chronic
kidney disease status (fig 4), age (supplementary
figures A and B), and sex (supplementary figure C).
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No of events/total
Warfarin

24/1505
S/363

Ontario

74/2151

Quebec

Alberta
Manitoba

Saskatchewan
MarketScan

Weight
(%)

Hazard ratio
(95% CI)

101/6590

6.7

1.04 (0.67 to 1.61)

8/1144

0.7

1.19 (0.32 to 4.47)

377/10 476

21.0

0.96 (0.75 to 1.23)

140/2624 684/12 942

38.3

1.01 (0.84 to 1.21)

1.4

0.48 (0.19 to 1.24)

31.9

0.80 (0.66 to 0.98)

100.0

0.92 (0.82 to 1.03)

S/582

Hazard ratio
(95% CI)

29/1638

122/5264 408/14 276

Overall
Test for heterogeneity: χ2=5.05, P=0.41, I2=1%
0.2

0.5

1

Favours
DOAC

2

5

Favours
warfarin

Fig 2 | Hazard ratios (95% CIs) of major bleeding associated with direct oral
anticoagulant (DOAC) use compared with warfarin use (reference category was
warfarin users). S=events were <5 and cells were suppressed

the absence of an increased bleeding risk and the
advantages associated with its use particularly around
frequency of monitoring and dosing, our results
suggest that DOACs may be considered as a treatment
option for patients with venous thromboembolism
who are candidates for anticoagulation.
A recent systematic review assessing the efficacy
and safety of DOACs for the treatment of acute venous
thromboembolism based on data from nine trials
(28 554 participants and 228 major bleeding events)
showed that bleeding risks were either similar (hazard
ratio for dabigatran versus warfarin 0.76, 95%
confidence interval 0.48 to 1.18) or reduced (hazard
ratio for apixaban and rivaroxaban versus warfarin 0.33
(0.18 to 0.56) and 0.55 (0.37 to 0.80), respectively) for
DOAC use compared with warfarin.24 The study also
reported no differences in the risk of all cause mortality
with DOAC use. Large studies on the assessment
of the safety of DOAC for the treatment of venous
thromboembolism in routine clinical practice have
been limited. Several relatively small cohort studies
of rivaroxaban have reported similarly favourable
safety profiles associated with its use in patients with
venous thromboembolism.9 25-29 In addition, a recent
cohort study of 12 318 venous thromboembolism
patients comparing 5411 rivaroxaban users with 6907
No of events/total
DOAC

Warfarin

26/1505
7/363

Ontario

Centre

Weight
(%)

Hazard ratio
(95% CI)

99/6590

13.3

1.15 (0.74 to 1.79)

14/1144

3.1

1.59 (0.64 to 3.94)

92/2151

453/10 476

51.0

0.99 (0.79 to 1.24)

Quebec

44/2624

235/12 942

25.7

0.92 (0.67 to 1.26)

Saskatchewan

13/582

46/1638

6.8

0.76 (0.41 to 1.41)

100.0

0.99 (0.84 to 1.16)

Alberta
Manitoba

Hazard ratio
(95% CI)

Overall
Test for heterogeneity: χ2=2.40, P=0.66, I2=0%
0.2

0.5

Favours
DOAC

1

2

5

Favours
warfarin

Fig 3 | Hazard ratios (95% CIs) of all cause mortality associated with direct oral
anticoagulant (DOAC) use compared with warfarin use (reference category was
warfarin users)
the bmj | BMJ 2017;359:j4323 | doi: 10.1136/bmj.j4323

vitamin K antagonist users showed no difference in
major bleeding risk (hazard ratio 1.08, 0.84 to 1.39).
However, these studies are limited by their small
sample size (n=361 to 4768 patients25 27 28 30 31),
lack of a comparator,26 29 and inclusion of cases of
major bleeding in patients admitted to hospital only,
which probably led to an underestimation of the
bleeding rates.32 Our study, using a large population
based cohort of DOAC and warfarin users in whom
major bleeding was identified across in-hospital
and emergency department data sources, has thus
important implications for the management of patients
with venous thromboembolism at risk of having a
recurrent event.
However, DOAC use has also been associated with
increased risk of bleeding in relation to specific subtypes
of bleeding episodes, including gastrointestinal
bleeding, in other patient populations including those
with atrial fibrillation.33-35 A systematic review of 43
trials including patients with venous thromboembolism,
atrial fibrillation, and acute coronary syndrome and
those who had received orthopaedic surgery showed
that the overall risk of gastrointestinal bleeding was
45% (95% confidence interval 7% to 97%) greater
in patients treated with DOACs than in those who
received standard care such as treatment with warfarin
or low molecular weight heparin.34 Among venous
thromboembolism patients only, treatment with DOACs
increased the risk of gastrointestinal bleeding by 59%
(3% to 244%) compared with standard care, although
only two trials reported data on patients with venous
thromboembolism. Our results show no increased risk
of gastrointestinal bleeding associated with DOAC use.
Although our analysis of the safety of DOACs
according to chronic kidney disease status showed
similar bleeding risks across DOAC and warfarin
groups, the safety profile of DOACs can vary by agent
type depending on the percentage renal excretion.
A systematic review assessing the safety of DOACs in
patients with an estimated glomerular filtration rate
of less than 50 mL/min showed that the magnitude
of relative reduction in major bleeding with DOAC use
compared with warfarin was linearly associated with
percentage renal excretion of the agent.36 The greatest
relative reduction of major bleeding was observed for
DOACs with renal excretion below 50% (including
rivaroxaban and apixaban), whereas those with renal
excretion above 50% (such as dabigatran) showed no
reduction in the risk of major bleeding compared with
warfarin.

Strengths and limitations of study
Our study formally pooled results from multiple
healthcare settings, contributing to the generalisability
of our findings. In addition, we assessed the safety of
new DOAC and warfarin use, which removes the biases
associated with safety assessments of prevalent drug
use such as the underestimation of bleeding events.
Our study has some limitations. Despite the
achieved balance in the included range of variables,
owing to the observational nature of our study
5
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DOAC

Centre
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No of events/total
Warfarin

Ontario

S/101

19/285

19.3 0.72 (0.27 to 1.94)

Quebec

12/100

30/402

42.2 1.80 (0.93 to 3.50)

MarketScan

10/246

38/853

Hazard ratio
(95% CI)

Major bleeding

Weight
(%)

Hazard ratio
(95% CI)

Chronic kidney disease

38.5 0.89 (0.44 to 1.78)

Overall

100.0 1.15 (0.75 to 1.77)

Test for heterogeneity: χ2=3.12, P=0.21, I2=36%
No chronic kidney disease
Alberta

24/1456

108/6345

10.0 0.92 (0.63 to 1.34)

Ontario

65/1980

359/9597

20.5 0.88 (0.67 to 1.14)

Quebec

122/2444 550/11 977
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Fig 4 | Hazard ratios (95% CIs) of major bleeding and all cause mortality associated
with DOAC use compared with warfarin use according to chronic kidney disease (CKD)
status (reference category was warfarin users). S=events were <5 and cells were
suppressed. Some sites were not included in analysis owing to small number of DOAC
users identified as having CKD (Manitoba and Saskatchewan) or small number of events
observed across DOAC and warfarin groups (including zero events in DOAC group)

design, the possibility of residual confounding
arising from differences in unmeasured variables
remains. Although we assessed study outcomes
within 90 and 180 days, the longer term safety of
DOAC treatment for venous thromboembolism is less
certain. Furthermore, most (95%) DOAC users in our
study used rivaroxaban, so we were unable to assess
the safety of DOACs among venous thromboembolism
patients by different DOAC agents. Future studies
assessing the safety of other DOAC agents for the
treatment of venous thromboembolism, including
apixaban and dabigatran, are needed. Among warfarin
users who had a major bleeding event, owing to the
limited availability of international normalised ratio
measurements in the study cohort, we were unable to
determine the time within the therapeutic range or to
adjust for over the counter use of aspirin or other nonsteroidal anti-inflammatory drugs.
Our algorithm for treated venous thromboembolism
did not allow for an assessment according to deep
venous thrombosis and pulmonary embolism status;
nor could we differentiate distal from proximal
venous thromboembolism or subsegmental from
proximal pulmonary embolism. However, given the
6

inclusion of oral anticoagulation as part of our venous
thromboembolism algorithm, all events included in
our study were associated with a treatment indication.
Although the duration of DOAC or warfarin use was not
assessed, given the short length of follow-up (90 days),
the incident nature of the venous thromboembolism
diagnosis, and the guideline recommended treatment
of venous thromboembolism of at least 90 days,37
substantial misclassification of drug exposure is
unlikely. The potential exists for misclassification of
chronic kidney disease status based on ICD codes, but
the high specificity of this algorithm (99%18) would
suggest that the small number of chronic kidney
disease patients who may be misclassified would be
minimal. Nonetheless, given the use of administrative
codes, we were limited in our ability to ascertain
whether a differential association between major
bleeding risk and DOAC use exists according to level
of kidney function. Additional studies are needed to
further elucidate the safety of DOACs among venous
thromboembolism patients with advanced chronic
kidney disease. Although we used matching with
replacement of warfarin users to maximise the number
of DOAC users retained in the cohort, this results in
a lack of independence among the warfarin users.
However, we did sensitivity analyses that showed
no effect on the precision of study findings. Finally,
a random effects model for combining effect size
estimates could have been selected instead of a fixed
effects model. The former assumes that variation in
effect size estimates can be attributed to both between
study and within study variation. The selection of
a random effects model can result in slightly larger
confidence intervals and hence a more conservative
test. However, the selection of a random effects model
had no effect on the final conclusions as regards
statistical significance.

Conclusions
In this analysis of data from large cohorts of adults with
incident venous thromboembolism, treatment with
DOACs, compared with warfarin, was not associated
with an increased risk of major bleeding or all cause
mortality in the first 90 days of treatment. These results
were consistent for patients with and without chronic
kidney disease, across all age groups, and for men and
women.
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