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The Safety of Direct Oral Anticoagulants

Versus Warfarin Among Older Individuals

With Acute Venous Thromboembolism

and CKD: A Population-Based Cohort

Study
To The Editor:
Individuals with chronic kidney disease (CKD) have an

increased risk of bleeding and thrombosis.1 Although
landmark trials of patients with acute venous thrombo-
embolism (VTE) have demonstrated that direct oral anti-
coagulants (DOACs) are noninferior to vitamin K
antagonists with regard to preventing VTE recurrence and
the risk of bleeding events, these trials enrolled relatively
few patients with CKD.2 Therefore, less information exists
on the potential safety concerns associated with VTE
treatment strategies in this population. In this study, we
compared the risk of major bleeding in older patients with
a history of acute VTE with and without CKD who were
treated with DOACs and warfarin.

We completed a retrospective population-based cohort
study in Ontario, Canada using linked healthcare databases
housed at ICES. The use of data in this project was
authorized under section 45 of Ontario’s Personal Information
Protection Act, which does not require review by a research
ethics board and waives informed consent.

Eligible individuals were older adults (aged ≥66 years)
with a diagnosis of acute VTE between April 2009 and
December 2017. We also required all patients to be
newly dispensed a DOAC (dabigatran, rivaroxaban, or
apixaban) or warfarin within 30 days after the VTE
episode (index date) as well as have an outpatient serum
creatinine measurement within the preceding 365 days
Table 1. Association Between Oral Anticoagulants and Major Ble

Cohort eGFR Strata Exposure N
No. (%
Major

DOAC vs
warfarin

eGFR ≥60 Warfarin 3,047 43 (1
DOAC 3,078 68 (2

eGFR <60 Warfarin 1,543 27 (1
DOAC 1,544 36 (2

Apixaban vs
warfarin

eGFR ≥60 Warfarin 572 9 (1.5
Apixaban 577 —

eGFR <60 Warfarin 492 11 (2
Apixaban 497 15 (3

Rivaroxaban vs
warfarin

eGFR ≥60 Warfarin 2,432 33 (1
Rivaroxaban 2,452 56 (2

eGFR <60 Warfarin 1,018 16 (1
Rivaroxaban 1,025 21 (2

Note: Results were removed to avoid reidentification of small cells in subgroups as
Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; eGFR, est
aWeighted cohort.
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of the index date. In individuals with >1 serum creati-
nine measurement, the one closest to the index date was
chosen to calculate the estimated glomerular filtration
rate (eGFR) using the Chronic Kidney Disease Epidemi-
ology equation. Similar to prior studies, VTE was defined
using International Classification of Diseases, Tenth Revision diag-
nostic codes.3,4

Individuals were excluded if they had missing or
invalid data, were non-Ontario residents, or died on or
before the index date; had a documented history of VTE
or atrial fibrillation in the year before the index VTE
diagnosis date; had a history of maintenance dialysis; or
received a prescription for >1 study drug (ie, DOAC or
warfarin) on the index date, or a prescription for a
DOAC, warfarin, or low-molecular weight heparin within
1 year before the index date. We restricted our analyses
to include the first eligible prescription during the accrual
period for each patient. Our primary outcome was major
bleeding defined as a hospital presentation (emergency
room visit or hospital admission) for bleeding using
validated International Classification of Diseases, Tenth Revision
codes (positive and negative predictive values of 87% and
92%).5

Logistic regression was used to estimate the propensity
of treatment with a DOAC compared with warfarin (see
Table S1 for variables included in the propensity score). An
inverse probability of treatment weighting approach using
the average treatment effect in the treated weights, based
on the propensity score, was then used to construct a
weighted cohort of patients with balanced baseline char-
acteristics. Cox proportional hazards regression models
were used to estimate the hazard ratios between the
DOACs and warfarin, stratifying on a baseline of
eGFR ≥60 mL/min (no CKD) and <60 mL/min (CKD).
edinga

) With
Bleeding

Incidence Rate
Per 1,000
Person Years

Hazard Ratio
(95% CI)

Interaction
P value

.4%) 34 1.00 (ref)

.2%) 38 1.12 (0.76-1.66)
0.62

.8%) 45 1.00 (ref)

.3%) 42 0.98 (0.60-1.61)
%) 36 1.00 (ref)

— 0.92 (0.47-1.80)
0.78

.1%) 57 1.00 (ref)

.0%) 60 1.05 (0.55-2.00)

.4%) 33 1.00 (ref)

.3%) 38 1.18 (0.78-1.77)
0.43

.6%) 41 1.00 (ref)

.1%) 35 0.92 (0.52-1.62)
per ICES policy.

imated glomerular filtration rate (mL/min/1.73 m2); ref, reference.
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Table 2. Association Between Oral Anticoagulants and the Risk of Major Bleedinga

Cohort eGFR Strata Exposure N
No. (%) With
Recurrent VTE

Incidence Rate
Per 1,000
Person Years

Hazard Ratio
(95% CI)

Interaction
P value

DOAC vs
warfarin

eGFR 45 to <60 Warfarin 821 11 (1.3%) 32 1.00 (ref) 0.33
DOAC 1,017 24 (2.4%) 40 1.32 (0.67-2.58)

eGFR 30 to <45 Warfarin 625 14 (2.2%) 59 1.00 (ref)
DOAC 431 — — 0.59 (0.24-1.49)

eGFR <30 Warfarin 97 — — 1.00 (ref)
DOAC 96 — — 1.55 (0.46-5.17)

Note: Results were removed to avoid reidentification of small cells in subgroup as per ICES policy.
Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration rate (mL/min/1.73 m2); ref, reference; VTE, venous
thromboembolism.
aWeighted cohort.
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Follow-up ended at the development of each outcome,
death, discontinuation of a given anticoagulant, switching to
another anticoagulant, or the end of the study period (March
31, 2018). In subgroup analysis, the primary analysis was
repeated for (i) each DOAC type (rivaroxaban and apixaban)
compared to warfarin, and (ii) by eGFR strata: 45
to <60 mL/min, 30 to <45 mL/min, and <30 mL/min.

The final weighted cohort included 9,212 individuals,
of which 4,590 were prescribed warfarin and 4,622 were
prescribed a DOAC (3,477 rivaroxaban, 1,074 apixaban,
and 71 dabigatran). Baseline characteristics of the cohort
before and after weighting are shown in Tables S2 and S3.
After weighting, all baseline characteristics among the
groups were similar except for the year of the index pre-
scription. Mean follow-up time for the cohort was 179 (±
268) days.

There was no significant difference in the risk of major
bleeding among DOAC recipients versus warfarin recipients
for the CKD and non-CKD groups (hazard ratio [HR], 0.98;
95% confidence interval [CI], 0.60-1.61 for CKD; HR, 1.12;
95% CI, 0.76-1.66 for non-CKD; P = 0.62) (Table 1).
Similar results were seen for both outcomes among in-
dividuals with and without CKD prescribed either apixaban
or rivaroxaban, compared to warfarin (Table 1).

Among individuals with CKD, the mean eGFR for
DOAC recipients was 47.4 mL/min and 45 mL/min for
warfarin recipients. Almost 95% of the CKD subgroup had
a eGFR >30 mL/min (Table S4). There was no difference
in major bleeding between individuals prescribed DOACs
and warfarin for all strata of eGFR (HR, 1.32; 95% CI,
0.67-2.58 for eGFR 45 to <60 mL/min; HR, 0.59; 95%
CI, 0.24-1.49 for eGFR 30 to <45 mL/min; HR, 1.55;
95% CI, 0.46-5.17 for eGFR <30 mL/min; P = 0.33)
(Table 2).

In this population-based cohort study of older adults
with a recent acute VTE, new use of DOACs compared to
warfarin was not associated with an increased risk of major
bleeding events. There was no difference in these out-
comes between the CKD and non-CKD groups and among
different strata of eGFR.

Data from randomized controlled trials of acute VTE
treatment with oral anticoagulants have demonstrated very
2

low rates of major bleeding events among individuals with
and without CKD.2,6-8 However, because randomized
controlled trials tend to include select populations that are
closely monitored, they may underreport important safety
outcomes compared to what is seen in “real world”
practice. Reassuringly, our data on major bleeding is
concordant with that reported in seminal randomized
controlled trials and some observational studies.2,9

Limitations of our study includes drug therapy not
being randomly assigned; however, we did attempt to
mitigate the effect of this selection bias through inverse
probability of treatment weighting. As DOACs had not
been approved in Canada for use in most individuals with
a eGFR <30 mL/min before 2017, there were also rela-
tively few patients in this strata included in our study;
hence, we cannot comment on whether the benefits
imparted by DOACs are applicable to this group.

In conclusion, our data suggest that the use of DOACs in
individuals with CKD are not associated with an increased
risk of bleeding, in a manner similar to that of patients
without CKD. Further study is needed into the safety and
efficacy of these drugs in individuals with lower eGFRs
(ie, <30 mL/min).
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