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Abstract

Aim: The effectiveness and safety of direct oral anticoagulants (DOACs) in atrial fibrillation (AF) patients with stage III chronic

kidney disease (CKD) are still subject to debate. We therefore assessed and compared the effectiveness and safety of DOACs

vs. warfarin in this population. Methods: A cohort of patients with an inpatient or outpatient code for AF and stage III CKD

who were newly prescribed an oral anticoagulant (OAC) was created using administrative databases from the Quebec province

of Canada between 2013 and 2017. The primary effectiveness outcome was a composite of ischemic stroke, systemic embolism,

and death, whereas the primary safety outcome was a composite of major bleeding within a year of DOAC vs. warfarin

initiation. Treatment groups were compared in an on-treatment analysis using inverse probability of treatment weighting and

Cox proportional hazards. Results. A total of 8,899 included patients filled a new OAC claim: 3,335 for warfarin and 5,564

DOACs. Compared with warfarin, rivaroxaban 15 mg and 20 mg presented a similar effectiveness and safety composite risk.

Apixaban 5.0 mg was associated with a lower effectiveness composite risk (Hazard ratio [HR] 0.76; 95% confidence interval

[CI] 0.65–0.88) and a similar safety risk (HR 0.94; 95% CI 0.66–1.35), whereas apixaban 2.5 mg was associated with a similar

effectiveness composite (HR 1.00; 95% CI 0.79–1.26) and a lower safety risk (HR 0.65; 95% CI 0.43–0.99). Conclusion: In

comparison with warfarin, rivaroxaban and apixaban appear to be effective and safe in AF patients with stage III CKD.

Introduction

The prevalence of atrial fibrillation (AF) is two to three times higher in patients with chronic kidney disease
(CKD) than in the general population.1-3 This results in a major therapeutic challenge because patients
with CKD and AF have an elevated risk of both systemic thromboembolic events and bleeding.4-6Today’s
practice guidelines recommend treatment with a direct oral anticoagulant (DOAC) rather than warfarin,
when oral anticoagulation therapy (OAC) is indicated in patients with non-valvular atrial fibrillation (NVAF)
– including those with stage I-IV CKD.7 Despite the broad dissemination of these guidelines, warfarin remains
the OAC of choice in a high proportion of AF patients in general8 and AF patients with moderate or severe
CKD in particular.9

Although the landmark randomized controlled trials (RCTs) of DOACs included a low proportion of AF
patients with CKD, the results suggested that DOACs are safe and effective in patients with mild-to-moderate
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. CKD (stages I-III CKD, using Cockcroft-Cault formula).10-13 In a metanalysis of RCTs and observational
studies, DOACs were associated with better efficacy (relative to warfarin) in early CKD and had similar
efficacy and safety profiles in patients with stages IV-V CKD as well as patients on dialysis.14 Recent
population-based studies have also examined the effectiveness and safety of DOACs vs. warfarin in AF
patients with CKD.15-22 However, few of these studies provided data on (i) the safety and effectiveness of
each individual DOAC vs. warfarin, or (ii) the impact of dose selection in patients with stage III CKD on
the incidence of stroke, systemic thromboembolic events, bleeding, and death.16,23 We therefore decided to
assess and compare the effectiveness and safety of standard-dose rivaroxaban (20 mg once daily), low-dose
rivaroxaban (15 mg once daily), standard-dose apixaban (5.0 mg twice daily), low-dose apixaban (2.5 mg
twice daily) and warfarin in a representative cohort of AF patients with stage III CKD.

Methods

We analyzed several Quebec healthcare claims databases, in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines.24 The need for informed consent was waived
by the local institutional research committee (University of Montreal, Montreal, Quebec, Canada). The study
protocol complied with the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the
institutional research committee of the University of Montreal.

Data Sources

We assembled a cohort of inpatients or outpatients using the Med-Echo administrative databases (hospital
discharge reports), medical services of the Régie de l’assurance maladie du Québec (RAMQ), and RAMQ
public drug plans, all databases administered by the RAMQ.25-28 The databases were linked via encryp-
ted health insurance numbers. Information from these databases provided a complete picture of hospital
admissions, medical services and medication used, if the patient still living in the Quebec province.

Population

We identified adult patients (aged 18 or over) with AF from January 1, 2013, to December 31, 2017. AF
was detected by searching for the International Classification of Diseases, 9th Revision (ICD-9) codes 427.3,
427.31 or 427.32, or the International Classification of Diseases, 10th Revision (ICD-10) code I48.29,30 The
first instance of AF coding was used to determine eligibility. The cohort was subsequently restricted to
patients who filled a new prescription for rivaroxaban (15 mg or 20 mg once daily), apixaban (2.5 or 5.0
mg twice daily) or warfarin within a year of AF diagnosis. Few patients had a new prescription of either
dabigatran or edoxaban and so were not included in our analysis. The date of the first OAC claim was
defined as the date of cohort entry. New OAC users were defined as those not exposed to any OACs in the
year prior to the claim index date. Patients were also required to have had pharmacy coverage for at least
12 months and enrolment in a drug health insurance plan for at least one year before cohort entry.

We also excluded patients with a code for any condition or procedure that might have impacted the choice of
OAC and duration of treatment at discharge: cardiac valve replacement or valve procedures in the five years
before cohort entry; end-stage CKD (meaning being on dialysis), kidney transplant, dialysis or coagulation
deficiency in the three years before cohort entry; medical procedures (including cardiac catheterization, stent,
coronary artery bypass grafting, cerebrovascular or defibrillator) in the three months before cohort entry;
deep vein thrombosis or orthopedic surgery in the six months before cohort entry.

Lastly, the cohort was restricted to patients with stage III CKD, as defined by a composite variable covering
the ICD code, drug use, and consultations with a nephrologist (as identified in the administrative databases).
This composite variable has been validated, with reference to medical chart reviews of older adults with CKD
(the algorithm used for estimated glomerular filtration rate (eGFR) definition had a positive predictive value
ranging from 94.5% to 97.7%).31

Exposure

Treatment with an OAC was checked against the prescription fulfillment dates and the number of days of

2



P
os

te
d

on
A

u
th

or
ea

30
A

u
g

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

18
66

24
.4

70
33

66
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. medication supplied for each fill. Exposure to treatment was considered in all analyses. We consider that a
gap of less than 30 days between the end of a treatment period and a new fill corresponded to continuous
treatment. Patients were censored when they discontinued a treatment or switched to another OAC or to
another dose level. Allowing a gap in treatment of up to 30 days is reasonable because of the DOACs’ short
half-life. Taking account of this definition, the adherence rate over the 12-month assessment period was at
least 92% for all included patients. The patient’s OAC exposure and censored status were updated every 30
days.

Outcomes

The primary effectiveness outcome was a composite of ischemic stroke or systemic embolism (SE) and all-
cause mortality. The primary safety outcome was a composite of major bleeding, defined as either intracranial
hemorrhage, gastrointestinal bleeding, or major bleeding from other sites. The individual components of the
safety and effectiveness outcomes were evaluated in a secondary analysis.

We identified the outcomes by screening the ICD-9 or ICD-10 codes for the primary diagnosis on inpatient
claims (Supplementary Table S1). In earlier validation studies, these codes performed relatively well and
gave positive predictive values of over 80%.32,33

Patient Demographics and Clinical Characteristics

We documented demographic variables upon cohort entry and determined the associated morbidities from
the inpatient and outpatient ICD-9 and ICD-10 diagnostic codes recorded in the three years preceding
the cohort entry.30-32 Next, we used the patients’ characteristics and associated comorbidities to calculate
the CHADS2 score (Supplementary Tables S2 and S3) and the modified HAS-BLED score (Supplementary
Tables S2 and S4). The comorbidity burden was scored with the Charlson-Deyo Comorbidity Index.34,35 A
frailty score was also calculated from the modified Elders Risk Assessment in the two years preceding cohort
entry.36,37 Lastly, we assessed all drug prescriptions filled in the two weeks preceding the cohort entry.

Statistical Analyses

Descriptive statistics were used to summarize the demographic and clinical characteristics of patients, accor-
ding to the type of OAC used. The follow-up periods and the level of adherence were reported as the mean
with 95% confidence interval (CI) or the median with interquartile range (IQR). The adherence to treatment
in the year of follow-up was calculated by dividing the total number of days of treatment by 365. When the
dispensing periods overlapped, the full length of each filled claim was accounted for, and the start date of
the second claim was shifted to the end of the previous claim.

For the main analyses of the primary effectiveness and safety composites in an on-treatment, we used an
inverse probability of treatment weighting (IPTW) approach to account for differences in patient characte-
ristics between treatment groups.38,39 Four IPTW cohorts were created: (i) rivaroxaban 15 mg vs. warfarin;
ii) rivaroxaban 20 mg vs. warfarin; (iii) apixaban 2.5 mg vs. warfarin; (iv) apixaban 5.0 mg vs. warfarin.
We then used a multivariable logistic regression model to estimate the observed probability (according to
propensity score matching) of being in the treatment group (rivaroxaban 15 mg, rivaroxaban 20 mg, api-
xaban 2.5 mg, and apixaban 5.0 mg), based on all the baseline covariates, and the impact of temporal
trends accounted in the analysis by including the date of cohort entry in the IPTW matching. By appro-
ximating the randomization used in RCTs, the IPTW approach establishes a pseudo-population, balances
the treatment groups according to the covariates included in the model, and thus minimizes the impact of
confounding biases in observational studies. All weights were stabilized by multiplying the IPTW weight by
the marginal probability of being in the treatment group. Descriptive statistics were also used to summarize
the baseline characteristics of each IPTW cohort. For baseline characteristics, only absolute standardized
differences of 10% or more between the unadjusted cohort and the IPTW-adjusted cohort were considered
meaningful.38We reported the outcomes per 100 person-years for each treatment in each IPTW population.
Hazard ratios (HRs) with 95% CIs associated were estimated using Cox proportional hazards models for
each of the four IPTW cohorts described above.
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. Patients were censored at the time of enrolment in a non-governmental drug coverage plan, admission to a
long-term care facility, hospital admission (for more than two weeks), the occurrence of a safety or effec-
tiveness endpoint or death (whichever occurred first). The patient’s OAC exposure and censored status were
updated every 30 days.

For the sensitivity analyses of the primary effectiveness and safety composites, we first estimated Cox pro-
portional HRs for outcomes in an intent-to-treat analyses in which we removed the censoring criteria of drug
discontinuation or switching, so that all patients were followed up for 365 days unless they were censored
for another reason. We used an IPTW approach to account for differences in patient characteristics between
treatment groups. We reported the outcomes per 100 person-years for each treatment in each IPTW popu-
lation. HRs and 95% CIs associated were estimated using Cox proportional hazards models for each of the
four IPTW cohorts described above.

Secondly, we provided a negative control outcomes analyses using the risk of diabetes complications (primary
code of hospitalization (ICD-9: 250.1-250.9, 357.2, 366.41; ICD-10: E10-E14 excluding E10.9, E11.9, E12.9,
E13.0, E14.9). Lastly, we calculated an E-value to assess the impact of unmeasured confounding.40 The E-
value indicates how strongly an unmeasured confounder would have to be associated with use of apixaban 2.5
mg, or apixaban 5.0 mg vs. warfarin and the outcomes to reduce the observed effect to the null, depending
on the measured covariates. All analyses were performed using SAS software (version 9.4, SAS Institute,
Cary, NC).

Results

A total of 8,899 included AF patients with stage III CKD filled a new OAC prescription: 3,335 for warfarin,
744 for rivaroxaban 15 mg, 1,064 for rivaroxaban 20 mg, 1,674 for apixaban 2.5 mg, and 2,082 for apixaban
5.0 mg (Figure 1). The frequency of warfarin prescription decreased over time and was associated with a
concomitant increase in DOAC prescription (Figure 2). In 2017, the most frequently initiated drug was
apixaban 5.0 mg.

Demographic and Clinical Characteristics

The patients’ unadjusted characteristics are summarized in Supplementary Tables S5-S8. Compared with
warfarin users, rivaroxaban 15 mg users were lightly younger (mean ± standard deviation [SD] age: 83.0 ±
8.5 vs. 82.6 ± 7.8, respectively) and had a lower mean ± SD Charlson-Deyo Comorbidity Index (6.1 ± 3.4
vs. 5.3 ± 3.5, respectively), a lower mean ± SD CHADS2 score (3.1 ± 1.2 vs. 2.8 ± 1.2, respectively) and a
lower mean ± SD HAS-BLED score (3.6 ± 1.3 vs. 3.2 ± 1.3, respectively). Compared with warfarin users,
rivaroxaban 20 mg users were younger (mean ± SD age: 83.0 ± 8.5 vs. 74.2 ± 9.2, respectively) and had a
lower mean ± SD Charlson-Deyo Comorbidity Index (6.1 ± 3.4 vs. 4.7 ± 3.5, respectively), a lower mean
± SD CHADS2 score (3.1 ± 1.2 vs. 2.3 ± 1.2, respectively) and a lower mean ± SD HAS-BLED score (3.6
± 1.3 vs. 2.7 ± 1.3, respectively). Compared with warfarin users, apixaban 2.5 mg users were older (mean
± SD age: 83.0 ± 8.5 vs. 86.5 ± 6.3, respectively) and had a lower mean ± SD Charlson-Deyo Comorbidity
Index (6.1 ± 3.4 vs. 5.4 ± 3.3, respectively), a similar mean ± SD CHADS2 score (3.1 ± 1.2 vs. 3.0 ±
1.1, respectively) and a similar mean ± SD HAS-BLED score (3.6 ± 1.3 vs. 3.3 ± 1.3, respectively). And,
compared with warfarin users, apixaban 5.0 mg users were also younger (mean ± SD age: 83.0 ± 8.5 vs.
78.0 ± 8.4, respectively) and had a lower mean ± SD Charlson-Deyo Comorbidity Index (6.1 ± 3.4 vs. 5.1
± 3.5, respectively), a lower mean ± SD CHADS2 score (3.1 ± 1.2 vs. 2.6 ± 1.2, respectively) and a lower
mean ± SD HAS-BLED score (3.6 ± 1.3 vs. 3.0 ± 1.3, respectively). As shown in Table 1, demographic and
clinical characteristics of cohorts of new OAC users with stage III CKD after IPTW from 2013 to 2017 are
well balanced.

Cumulative Incidence in the IPTW Cohorts

As shown in Table 1 and Supplementary Tables S5-S8, there were no significant differences in baseline
characteristics between the IPTW treatment groups. Figures 3A and 3B show the cumulative incidence
curves for the effectiveness and safety composite outcomes in the IPTW in an on-treatment analysis. The

4



P
os

te
d

on
A

u
th

or
ea

30
A

u
g

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

18
66

24
.4

70
33

66
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. follow-up times and levels of adherence are shown in Supplementary Tables S9-S10.

HRs for Effectiveness and Safety Outcomes in the IPTW Cohorts

The annual rates and HRs for the primary analyses of the safety and effectiveness composites in the IPTW
treatment groups in an on-treatment are shown in Supplementary Table S11 and Figure 4 (HRs only). With
warfarin as the reference group, rivaroxaban 15 mg and 20 mg were associated with a similar effectiveness
composite (HR 0.84; 95% CI 0.60–1.18 and HR 0.83; 95% CI 0.61–1.13, respectively); and similar safety profile
(HR 1.13; 95% CI 0.70–1.83 and HR 1.29; 95% CI 0.84–1.95, respectively). Apixaban 2.5 mg was associated
with a similar effectiveness (HR 1.00; 95% CI 0.79–1.26), but better safety (HR 0.65; 95% CI 0.43–0.99)
profile, while apixaban 5.0 mg was associated with a better effectiveness (HR 0.76; 95% CI 0.65–0.88), but
a similar safety risk (HR 0.94; 95% CI 0.66–1.35) profile. The observed improvement in the effectiveness
composite for apixaban 5.0 mg was driven by a reduction in mortality (HR 0.61; 95% CI 0.43–0.88).

Sensitivity Analyses

The annual rates and HRs for the analyses of the effectiveness and safety composites in the IPTW treatment
groups in an intent-to-treat are shown in Supplementary Table S12 and Figure 5 (HRs only). Under intent-
to-treat analyses, rivaroxaban 20 mg present a better effectiveness composite (HR 0.79; 95% CI 0.65–0.96),
and the observed improvement in the effectiveness composite was driven by a reduction in mortality (HR
0.72; 95% CI 0.58–0.91). Those point estimates are in relation to those observed in the IPTW treatment
groups in an on-treatment, and the level of significance is linked to an increase of the number of events,
particularly among those in the warfarin group.

As shown in Table 2, the rate per 100 person-years of hospitalization for diabetes complications were similar
for warfarin and DOACs, with no significant HRs. As expected, the results were similar in all the groups.
As shown in Table 3, the E-value closest to boundary 1 for the effectiveness composite and apixaban 5.0 mg
vs. warfarin was 1.53; hence, the HR that this effectiveness composite could be explained by an unmeasured
confounder occurred 1.53 times more frequently in patients receiving apixaban 5.0 mg than in patients
receiving warfarin, and thus increased the rate of safety composite events by a factor of 1.53. The high
E-values indicate that the statistically significant results are robust with regards to unmeasured confounding
factors.

Discussion

The results of our cohort analysis provided several insights of relevance to clinical practice. Firstly, DOAC
prescription increased substantially over time, whereas warfarin prescription fell concomitantly. Nevertheless,
over 10% of AF patients with stage III CKD were still being prescribed warfarin in 2017. Secondly, relative
to warfarin, rivaroxaban appears to be effective and safe in AF patients with stage III CKD, but if creatinine
clearance rate (CrCl) is between 30–49 mL/min, we need to reduce the dose at 15 mg. Apixaban 2.5 mg
might even have better safety profiles than warfarin; and for apixaban 5.0 mg, this difference in effectiveness
was mainly driven by a reduction in deaths.

The increase in DOAC prescription is in line with the latest AF guidelines from the Canadian Society of
Cardiology and European Society of Cardiology, which recommend DOAC therapy over warfarin for patients
with NVAF and stage III CKD.7,41 This recommendation is based on a sub-analysis of AF RCTs, which
demonstrated that along with the DOACs’ logistic advantages vs. dose-adjusted warfarin, these drugs are no
worse or even better than warfarin in reducing the risk of AF-associated stroke or SE in AF patients with
stage III CKD, with a lower or similar major bleeding risk.10-13 A meta-analysis of RCTs and observational
trials of AF patients with CKD showed that DOACs are associated with a significant reduction in stroke/SE
(HR 0.81; 95% CI 0.68–0.97) and a nonsignificant reduction in major bleeding (HR 0.87; 95% CI 0.69–1.05)
in stage III CKD, when compared with warfarin.14

There are few data on the effectiveness and safety of each individual DOAC and the impact of dose selection
in patients with stage III CKD specifically, and mostly of the available information has been derived from
observational studies.15-21 A sub-analysis of the ARISTOLE trial’s data showed that apixaban reduced the
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. rate of stroke and mortality relative to warfarin (regardless of the patient’s level of renal function); however,
the safety and effectiveness of apixaban vs. warfarin were not assessed specifically in stage III CKD patients.13

Wetmore et al . examined Medicare data from 22,739 AF patients with stage III-IV CKD and found that
apixaban was associated with a reduction in stroke/SE (HR 0.70; 95% CI 0.51–0.96) and in the major
bleeding risk (HR 0.47; 95% CI 0.37–0.59).23 Using electronic health record data, Fuet al . examined the
safety and effectiveness of rivaroxaban vs. warfarin in 555 stage III CKD AF patients and found a similar risk
of stroke (HR 0.60; 95% CI 0.23–1.56) and major bleeding (HR 0.73; 95% CI 0.38–1.41).42 A sub-analysis
of the ROCKET-AF trial found that rivaroxaban 20 mg daily had a better efficacy profile in patients with
a CrCl of 50 mL/min or more but that rivaroxaban 15 mg daily had a similar efficacy profile in patients
with a CrCl of 30–49 mL/min; the safety profile was similar for both CrCl categories.43 Nonetheless, dose
adjustment yielded results consistent with the overall trial, when compared with dose-adjusted warfarin.11

Wetmore et al . found that in AF patients with stage III-IV CKD, rivaroxaban was associated with similar
risks of stroke/SE (HR 0.80; 95% CI 0.54–1.17) and major bleeding (HR 1.05; 95% CI 0.85–1.30).23 However,
the investigators did not report data on the effectiveness and safety of each dose level of DOAC vs. warfarin
in stage III CKD AF patients specifically.

Likewise, there are few published data on the impact of DOAC therapy vs. warfarin on mortality, and also
per specific dose. Makani et al.examined electronic health record data on 21,733 AF patients with CKD and
found that DOACs reduce the risk of all-cause mortality for all CKD classes.17 When examining individual
DOACs in an on-treatment analysis, Wetmore et al. found a reduction in mortality for apixaban (HR 0.90;
95% CI 0.84–0.96) but not for rivaroxaban (HR 0.95; 95% CI 0.88–1.02) or dabigatran (HR 0.92; 95% CI
0.84–1.01).23 This results might be explained by the fact that DOACs are associated with a lower incidence
of renal adverse outcomes in patients with mild-to-moderate CKD, including a decline renal function, a
doubling in the serum creatinine level, or acute kidney injury.44 Moreover, warfarin treatment is associated
with an elevated risk of vascular and cardiac valve calcification,45-47 which in turn is associated with greater
cardiovascular morbidity and mortality rates.48

The present study had several strengths. Firstly, it is one of the few large, real-world comparative studies of
the effectiveness, safety and mortality rates associated with individual DOACs and dose levels vs. warfarin.
Secondly, we analyzed the province-wide, single-payer Quebec healthcare claims database. Given that (i)
most important clinical events would have resulted in an administrative claim and (ii) few patients seek
medical services outside of the Quebec province, it is likely that nearly all clinically significant events were
captured; this might not have been the case in previous single-hospital or single-insurer studies. Thirdly, we
performed IPTW cohorts to account for confounding effects in our primary analysis and we provided several
sensitivity analyses.

Our study also had some limitations. Firstly, this observational study of administrative data might have
been subject to confounding bias by unadjusted factors (e.g. the severity of AF, the exact eGFR, the interna-
tional normalized ratio, body weight, over-the-counter prescriptions, and ethnicity). Secondly, administrative
claims data depend on the exhaustive, accurate recording and coding of diagnoses, procedures, and drugs.
Thirdly, it might not be possible to generalize our results to younger patients, patients treated with other
DOACs (dabigatran and edoxaban). Fourthly, the effect sizes for individual safety and effectiveness outcomes
were small. Fifthly, time spent in the therapeutic range could not be used to assess the appropriateness of
warfarin dosing, since the international normalized ratio was not recorded in our database. Lastly, we did
not have the exact eGFR value; however, the algorithm used to estimate the eGFR is known to be valid in
older adults.31

Conclusions

In this observational study of new OAC users with AF and stage III CKD, we found that rivaroxaban is safe
and effective relative to warfarin but if CrCl is between 30–49 mL/min, we need to reduce the dose at 15
mg. Apixaban 2.5 mg might even have a better safety profile than warfarin, while apixaban 5.0 mg might
have a better effectiveness profile than warfarin, to a reduction in deaths. Appropriately sized RCTs are
needed to confirm these findings in stage III CKD patients.
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Table 1. Demographic and clinical characteristics of cohorts of new OAC users with stage III
CKD after IPTW from 2013 to 2017.

IPTW warfarin and rivaroxaban 15 mg IPTW warfarin and rivaroxaban 15 mg IPTW warfarin and rivaroxaban 20 mg IPTW warfarin and rivaroxaban 20 mg IPTW warfarin and apixaban 2.5 mg IPTW warfarin and apixaban 2.5 mg IPTW warfarin and apixaban 5.0 mg IPTW warfarin and apixaban 5.0 mg

Warfarin (n=3,335) Rivaroxaban 15 mg (n=744) Warfarin (n=3,335) Rivaroxaban 20 mg (n=1,064) Warfarin (n=3,335) Apixaban 2.5 mg (n=1,674) Warfarin (n=3,335) Apixaban 5.0 mg (n=2,082)
Age (mean ± SD) 82.9 ± 8.6 82.8 ± 7.7 80.1 ± 10.8 79.1 ± 8.2 84.3 ± 8.3 84.5 ± 7.2 80.4 ± 10.2 80.2 ± 7.8
Female sex (%) 56.5 56.5 54.8 52.3 58.2 59.0 54.3 53.9
CHA2DS2-VASc 4.1 ± 1.4 4.1 ± 1.3 3.9 ± 1.5 3.9 ± 1.5 4.2 ± 1.4 4.2 ± 1.3 3.9 ± 1.5 3.8 ± 1.3
CHADS2 score (mean ± SD) 3.0 ± 1.2 3.0 ± 1.2 2.8 ± 1.3 2.9 ± 1.2 3.0 ± 1.2 3.0 ± 1.1 2.9 ± 1.3 2.8 ± 1.1
HAS-BLED score (mean ± SD) 3.5 ± 1.3 3.5 ± 1.3 3.3 ± 1.5 3.4 ± 1.4 3.5 ± 1.3 3.5 ± 1.2 3.3 ± 1.4 3.3 ± 1.2
Charlson-Deyo Comorbidity Index (mean ± SD) 5.9 ± 3.4 6.0 ± 3.6 5.7 ± 3.5 5.9 ± 3.6 5.9 ± 3.4 5.8 ± 3.2 5.7 ± 3.5 5.7 ± 3.4
Frailty score (mean ± SD) 18.6 ± 6.2 18.6 ± 5.9 17.7 ± 6.7 17.6 ± 6.3 18.8 ± 6.2 18.8 ± 5.8 17.7 ± 6.6 17.5 ± 6.1
Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry) Comorbidities (including the index hospitalization and the three years prior to cohort entry)
Hypertension (%) 86.2 86.5 83.9 85.2 86.9 86.9 84.5 84.0
Coronary artery disease (%) 64.7 65.1 62.0 62.7 64.1 62.5 61.2 58.4
Acute myocardial infarction (%) 21.1 20.3 18.9 17.5 20.9 20.9 18.8 15.8
Chronic heart failure (%) 56.2 56.7 53.4 54.2 56.1 56.6 53.3 53.6
Cardiomyopathy (%) 7.9 8.3 7.7 8.7 7.4 7.1 8.2 7.8
Other cardiac dysrhythmias (%) 18.8 19.0 17.8 16.4 19.2 19.4 18.2 18.0
Valvular heart disease (%) 26.1 27.1 24.9 24.6 25.7 25.6 23.5 22.3
Stroke/transient ischemic attack (%) 16.9 17.2 16.0 17.3 16.8 16.1 15.9 15.0
Peripheral vascular disease (%) 27.7 27.5 26.6 25.9 27.3 26.2 25.6 23.2
Dyslipidemia (%) 54.4 53.3 54.2 55.8 53.9 54.0 55.5 53.8
Diabetes (%) 45.1 46.1 46.4 49.9 43.1 42.7 47.3 46.9
Major bleeding (%) 38.5 38.3 37.0 39.3 38.3 37.0 36.2 34.8
Major intracranial bleeding (%) 3.7 3.7 3.5 5.7 3.9 3.5 4.2 3.8
Major gastrointestinal bleeding (%) 8.3 9.5 7.9 7.7 8.7 8.1 7.9 7.9
Other sites of major bleeding (%) 32.0 30.9 30.9 32.4 31.8 31.2 29.8 28.8
Liver disease (%) 2.6 2.8 2.9 2.9 2.5 2.4 2.7 2.5
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. IPTW warfarin and rivaroxaban 15 mg IPTW warfarin and rivaroxaban 15 mg IPTW warfarin and rivaroxaban 20 mg IPTW warfarin and rivaroxaban 20 mg IPTW warfarin and apixaban 2.5 mg IPTW warfarin and apixaban 2.5 mg IPTW warfarin and apixaban 5.0 mg IPTW warfarin and apixaban 5.0 mg

Chronic obstructive pulmonary disease/asthma 44.0 44.2 46.0 49.7 42.2 42.1 44.5 45.3
Depression (%) 11.8 11.5 12.2 11.8 11.7 11.4 12.1 11.9
Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry) Medical procedures (three years prior to cohort entry)
Cardiac catheterization (%) 5.0 5.4 5.2 5.3 5.0 4.9 6.4 6.4
Percutaneous coronary intervention – stent (%) 4.1 3.9 3.8 4.1 3.8 4.0 4.1 4.0
Coronary artery bypass grafting (%) 0.6 0.5 0.8 0.7 0.5 0.5 1.2 1.2
Implantable cardiac device (%) 0.1 0.1 <0.1 <0.1 <0.1 0.0 <0.1 0.0
Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry) Medications (two weeks prior to cohort entry)
Statin (%) 51.0 51.2 51.1 52.9 50.0 47.9 50.6 50.4
Antiplatelet (%) 8.7 8.5 8.1 8.9 8.3 7.4 8.1 7.9
Low-dose acetylsalicylic acid (%) 35.3 35.5 34.8 35.2 35.6 34.9 33.9 33.4
Proton pump inhibitors (%) 49.7 49.6 47.8 46.9 50.0 49.1 46.4 44.7
Nonsteroidal anti-inflammatory drugs (%) 0.9 0.9 1.3 1.6 0.9 1.0 1.2 1.2
Digoxin (%) 9.3 10.6 9.1 10.1 9.2 9.0 8.9 8.7
Amiodarone (%) 9.6 9.3 8.6 6.1 9.3 9.8 8.8 8.0
Antidepressants (%) 10.5 10.1 10.4 10.5 10.6 10.3 10.2 10.4
Beta-blockers (%) 62.5 63.1 61.4 61.1 63.8 62.8 62.4 62.5
Calcium channel blockers (%) 42.9 42.6 41.9 39.8 42.7 43.2 41.4 41.0
Inhibitors of the renin-angiotensin system (%) 37.5 36.9 38.1 38.5 38.0 36.5 38.0 38.3
Diuretics (%) 60.5 60.3 61.4 61.0 61.0 60.8 60.3 60.4
Loop diuretics (%) 56.2 55.8 57.0 54.4 56.4 56.7 55.4 56.3
Antidiabetics (%) 27.4 28.0 28.7 30.3 26.5 25.8 29.2 29.3
Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry) Health medical services (one year prior to cohort entry)
Consultations with specialist physicians (mean ± SD) 1.2 ± 2.4 1.2 ± 1.9 1.2 ± 2.5 1.2 ± 2.3 1.2 ± 2.4 1.2 ± 2.2 1.2 ± 2.6 1.2 ± 1.8
Consultations with family physicians (mean ± SD) 1.3 ± 3.3 1.3 ± 2.8 1.2 ± 3.1 1.2 ± 2.5 1.3 ± 3.4 1.4 ± 3.0 1.2 ± 3.2 1.2 ± 2.6
Emergency visits (mean ± SD) 3.4 ± 3.1 3.4 ± 2.9 3.4 ± 3.4 3.5 ± 3.0 3.4 ± 3.1 3.5 ± 2.9 3.4 ± 3.3 3.3 ± 2.8
Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry) Health hospital services (three years prior to cohort entry)
All-cause hospital admission (mean ± SD) 2.5 ± 2.1 2.5 ± 2.0 2.5 ± 2.4 2.6 ± 2.2 2.4 ± 2.0 2.5 ± 1.9 2.5 ± 2.3 2.4 ± 2.0

CKD, chronic kidney disease; IPTW, inverse probability of treatment weighting; OAC, oral anticoagulant;
SD, standard deviation.

Table 2. Sensitivity analysis of negative controlsafter inverse probability of treatment weighting
in an on-treatment analysis.

Incident rate of
rivaroxaban 15 mg
100 PY (95% CI)

Incident rate of
warfarin 100 PY
(95% CI) HRa (95% CI) P-value

Diabetes
complications

1.1 (0.2 – 2.0) 1.1 (0.6 – 1.5) 1.02 (0.40 – 2.60) 0.96

Incident rate of
rivaroxaban 20 mg
100 PY (95% CI)

Incident rate of
warfarin 100 PY
(95% CI)

HRa (95% CI) P-value

Diabetes
complications

1.5 (0.6 – 2.4) 1.0 (0.6 – 1.5) 1.48 (0.72 – 3.06) 0.29

Incident rate of
apixaban 2.5 mg
100 PY (95% CI)

Incident rate of
warfarin 100 PY
(95% CI)

HRa (95% CI) P-value

11



P
os

te
d

on
A

u
th

or
ea

30
A

u
g

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

18
66

24
.4

70
33

66
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Incident rate of
rivaroxaban 15 mg
100 PY (95% CI)

Incident rate of
warfarin 100 PY
(95% CI) HRa (95% CI) P-value

Diabetes
complications

0.8 (0.3 – 1.3) 1.2 (0.8 – 1.7) 0.66 (0.31 – 1.41) 0.28

Incident rate of
apixaban 5.0 mg
100 PY (95% CI)

Incident rate of
warfarin 100 PY
(95% CI)

HRa (95% CI) P-value

Diabetes
complications

0.7 (0.2 – 1.1) 1.4 (0.9 – 1.9) 0.49 (0.24 – 1.02) 0.06

CI, confidence interval; HR, hazard ratio; PY, person-years.a For the negative control, we assessed the risk
of diabetic complications (ICD-9: 250.1–250.9, 357.2, and 366.41; ICD-10: E10–E14 excluding E10.9, E11.9,
E12.9, E13.0, and E14.9).

Table 3. E-values for significant comparisons in an on-treatment analysis after IPTW of new
OAC users with stage III CKD.

Hazard ratio (95% CI) E-value corresponding to the CI bound closest to 1 E-value for hazard ratio point estimate

Apixaban 2.5 mg vs. warfarin Apixaban 2.5 mg vs. warfarin Apixaban 2.5 mg vs. warfarin Apixaban 2.5 mg vs. warfarin
Safety composite 0.65 (0.43 – 0.99 ) 1.11 2.45
Apixaban 5.0 mg vs. warfarin Apixaban 5.0 mg vs. warfarin Apixaban 5.0 mg vs. warfarin Apixaban 5.0 mg vs. warfarin
Effectiveness composite 0.76 (0.65 – 0.88 ) 1.53 1.96
All-cause mortality 0.61 (0.43 – 0.88 ) 1.53 2.66

CI, confidence interval; CKD, chronic kidney disease; IPTW, inverse probability of treatment weighting;
OAC, oral anticoagulant.

Figure Legends

Figure 1. Study flow charta.

AF, atrial fibrillation; DOAC, direct oral anticoagulant; RAMQ,Régie de l’assurance maladie du Québec .a

No patients in the cohort received edoxaban between 2011 and 2017.

Figure 2. Changes in OAC prescriptions from 2010 to 2017.

BID, twice daily; DIE, once daily; DOACs, direct oral anticoagulants; OAC, oral anticoagulant.

Figure 3A. Cumulative rate of the primary effectiveness outcome after inverse probability of
treatment weighting in an on-treatment analysis.

Figure 3B. Cumulative rate of the primary safety outcome after inverse probability of treat-
ment weighting in an on-treatment analysis.

Figure 4. Hazard ratios (95% CI) of effectiveness and safety outcomes in an on-treatment after
IPTW of new OAC users with stage III

CKD.

CI, confidence interval; CKD, chronic kidney disease; IPTW, inverse probability of treatment weighting;
OAC, oral anticoagulant; SE, systemic embolism.

Figure 5. Hazard ratios (95% CI) of effectiveness and safety outcomes in an intent-to-treat
after IPTW of new OAC users with

12
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. stage III CKD.

CI, confidence interval; CKD, chronic kidney disease; IPTW, inverse probability of treatment weighting;
OAC, oral anticoagulant; SE, systemic embolism.

 

Extraction criteria:  all patients aged 18 and older who received a diagnosis of 353,841   

atrial fibrillation (AF) (medical claim or hospitalization) between 2005 and 2017

║
║
║
║
▼

Diagnosis of atrial fibrillation (AF) (medical claim or hospitalization) between 2013 and 119,169         (234,672)     

2017
║
║
▼

At least one dispensation of oral anticoagulant (warfarin or DOAC) within the year 65,329          (53,840)       

following the AF diagnosis. The date of the first anticoagulant dispensation was

defined as the claim index date
║
║
▼

Complete coverage by the RAMQ drug plan for the year preceding the claim index 65,254          (75)             

date
║
║
▼

No warfarin and no DOAC in the year preceding the claim index date 49,945          (15,309)       

║
║
║
║
▼

No valvular replacement/procedures in the 5 years preceding the claim index date 47,685          (2,260)         

║
║
▼

No end-stage renal disease or dialysis (for a minimal period of 3 continuous months) 47,498          (187)            

in the 3 years preceding the claim index date
║
║
▼

No kidney transplant in the 3 years preceding the claim index date 47,494          (4)               

║
║
▼

No coagulation deficiency in the 3 years preceding the claim index date 47,480          (14)             

║
║
▼

No hip/knee/pelvis fracture in the 6 weeks preceding the claim index date 46,509          (971)            

║
║
▼

No catheterization, coronary cerebrovascular or defibrillator procedures during the 41,652          (4,857)         

3 months preceding the claim index date
║
║
▼

No absence of chronic kidney disease stage III 9,308            (32,344)       

Total of patients in RAMQ database

Inclusion criteria

(Excluded)

Exclusion criteria

(Excluded)

Number of users of:

Warfarin:                     3,335

Dabigatran 110 mg:      263

Dabigatran 150 mg:      146

Rivaroxaban 15 mg:     744

Rivaroxaban 20 mg:  1,064

Apixaban 2.5 mg:      1,674

Apixaban 5 mg:         2,082

AMONG THE 9,308 PATIENTS

OACs COMPARED

Rivaroxaban 15 mg

versus

warfarin

Rivaroxaban 20 mg

versus

warfarin

Apixaban 2.5 mg

versus

warfarin

Apixaban 5 mg

versus

warfarin

13
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 WARFARIN  ALL DOACs  DABIGATRAN 110 mg BID

 DABIGATRAN 150 mg BID  RIVAROXABAN 15 mg DIE  RIVAROXABAN 20 mg DIE

 APIXABAN 2.5 mg BID  APIXABAN 5 mg BID

 

    A) Rivaroxaban 15 mg vs. warfarin     B) Rivaroxaban 20 mg vs. warfarin

    C) Apixaban 2.5 mg vs. warfarin     C) Apixaban 5 mg vs. warfarin
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Year of follow-up (days)

  Rivaroxaban  15 mg

  Warfarin

Riva. 15 mg 744 557 472 416 378

Warfarin 3,335 2,443 2,023 1,751 1,517

No. at risk

p=0.3585
(log-rank test)
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Year of follow-up (days)

  Rivaroxaban  20 mg

  Warfarin

No. at risk

Riva. 20 mg 1,064 750 660 614 563

Warfarin 3,335 2,515 2,111 1,832 1,598

p=0.3708
(log-rank test)
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Year of follow-up (days)

  Apixaban  2.5 mg

  Warfarin

No. at risk

Apix. 2.5 mg 1,674 1,236 1,049 920 797

Warfarin 3,335 2,447 2,019 1,738 1,492

p=0.9985
(log-rank test)
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Year of follow-up (days)

  Apixaban  5 mg

  Warfarin

No. at risk

Apix. 5 mg 2,082 1,485 1,315 1,189 1,085

Warfarin 3,335 2,558 2,149 1,865 1,607

p=0.0290
(log-rank test)
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    A) Rivaroxaban 15 mg vs. warfarin     B) Rivaroxaban 20 mg vs. warfarin

    C) Apixaban 2.5 mg vs. warfarin     C) Apixaban 5 mg vs. warfarin
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Year of follow-up (days)

  Rivaroxaban  15 mg

  Warfarin

Riva. 15 mg 744 554 475 417 378

Warfarin 3,335 2,452 2,038 1,773 1,533

No. at risk

p=6506
(log-rank test)
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Year of follow-up (days)

  Rivaroxaban  20 mg

  Warfarin

No. at risk

Riva. 20 mg 1,064 750 653 605 558

Warfarin 3,335 2,527 2,128 1,856 1,614

p=0.3815
(log-rank test)
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Year of follow-up (days)

  Apixaban  2.5 mg

  Warfarin

No. at risk

Apix. 2.5 mg 1,674 1,241 1,060 928 807

Warfarin 3,335 2,455 2,032 1,757 1,505

p=0.0506
(log-rank test)
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Year of follow-up (days)

  Apixaban  5 mg

  Warfarin

No. at risk

Apix. 5 mg 2,082 1,488 1,323 1,197 1,098

Warfarin 3,335 2,570 2,162 1,890 1,628

p=0.8076
(log-rank test)

 

Apixaban 5 mg vs.

warfarin (ref.)

      Rivaroxaban 15 mg vs.

      warfarin (ref.)

 Rivaroxaban 20 mg vs.

 warfarin (ref.)

            Apixaban 2.5 mg vs.

            warfarin (ref.)

0 1 2 3

0.83(0.61-1.13)

1.52(0.83-2.78)

0.68(0.44-1.06)

1.29(0.84-1.95)

Favours

warfarin

Favours

warfarin

Favours

rivaroxaban

15 mg

0 1 2 3

1.00(0.79-1.26)

1.38(0.81-2.36)

0.83(0.60-1.15)

0.65(0.43-0.99)

Favours

warfarin

Favours

rivaroxaban

20 mg

Favours

apixaban

2.5 mg

0 1 2 3

0.76(0.65-0.88)

0.72(0.39-1.33)

0.61(0.43-0.88)

0.94(0.66-1.35)

Favours

apixaban

5 mg

Favours

warfarin

0 1 2 3

0.84(0.60-1.18)

0.99(0.46-2.16)

0.64(0.39-1.06)

1.13(0.70-1.83)

Effectiveness composite  

Stroke (Ischemic only)/SE 

All cause mortality

Safety composite

 

Apixaban 5 mg vs.

warfarin (ref.)

      Rivaroxaban 15 mg vs.

      warfarin (ref.)

 Rivaroxaban 20 mg vs.

 warfarin (ref.)

            Apixaban 2.5 mg vs.

            warfarin (ref.)

0 1 2 3

0.79(0.65-0.96)

1.31(0.75-2.27)

0.72(0.58-0.91)

1.07(0.72-1.61)

Favours

warfarin

Favours

warfarin

Favours

rivaroxaban

15 mg

0 1 2 3

0.90(0.78-1.05)

1.25(0.78-2.01)

0.90(0.76-1.05)

0.77(0.54-1.10)

Favours

warfarin

Favours

rivaroxaban

20 mg

Favours

apixaban

2.5 mg

0 1 2 3

0.76(0.65-0.88)

0.62(0.35-1.09)

0.76(0.64-0.90)

0.82(0.58-1.15)

Favours

apixaban

5 mg

Favours

warfarin

0 1 2 3

1.02(0.84-1.24)

0.94(0.47-1.86)

1.02(0.82-1.26)

1.11(0.71-1.71)

Effectiveness composite  

Stroke (Ischemic only)/SE 

All cause mortality

Safety composite
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