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ORIGINAL ARTICLE

Risk of stroke/systemic embolism, major bleeding and associated costs in
non-valvular atrial fibrillation patients who initiated apixaban, dabigatran or
rivaroxaban compared with warfarin in the United States Medicare population

Alpesh Amina, Allison Keshishianb, Jeffrey Trocioc, Oluwaseyi Dinac, Hannah Led, Lisa Rosenblattd, Xianchen Liuc,
Jack Mardekianc, Qisu Zhangb, Onur Basere,f,g and Lien Vod

aUniversity of California, Irvine, CA, USA; bSTATinMED Research, Ann Arbor, MI, USA; cPfizer Inc., New York, NY, USA; dBristol-Myers Squibb,
Lawrenceville, NJ, USA; eSTATinMED Research, New York, NY, USA; fColumbia University, New York, NY, USA; gMEF University, Maslak,
Istanbul, Turkey

ABSTRACT
Objective: To compare the risk and cost of stroke/systemic embolism (SE) and major bleeding
between each direct oral anticoagulant (DOAC) and warfarin among non-valvular atrial fibrillation
(NVAF) patients.
Methods: Patients (�65 years) initiating warfarin or DOACs (apixaban, rivaroxaban, and dabigatran)
were selected from the Medicare database from 1 January 2013 to 31 December 2014. Patients initiat-
ing each DOAC were matched 1:1 to warfarin patients using propensity score matching to balance
demographics and clinical characteristics. Cox proportional hazards models were used to estimate the
risks of stroke/SE and major bleeding of each DOAC vs. warfarin. Two-part models were used to com-
pare the stroke/SE- and major-bleeding-related medical costs between matched cohorts.
Results: Of the 186,132 eligible patients, 20,803 apixaban–warfarin pairs, 52,476 rivaroxaban–warfarin
pairs, and 16,731 dabigatran–warfarin pairs were matched. Apixaban (hazard ratio [HR]¼ 0.40; 95%
confidence interval [CI] 0.31, 0.53) and rivaroxaban (HR¼ 0.72; 95% CI 0.63, 0.83) were significantly
associated with lower risk of stroke/SE compared to warfarin. Apixaban (HR¼ 0.51; 95% CI 0.44, 0.58)
and dabigatran (HR¼ 0.79; 95% CI 0.69, 0.91) were significantly associated with lower risk of major
bleeding; rivaroxaban (HR¼ 1.17; 95% CI 1.10, 1.26) was significantly associated with higher risk of
major bleeding compared to warfarin. Compared to warfarin, apixaban ($63 vs. $131) and rivaroxaban
($93 vs. $139) had significantly lower stroke/SE-related medical costs; apixaban ($292 vs. $529) and
dabigatran ($369 vs. $450) had significantly lower major bleeding-related medical costs.
Conclusions: Among the DOACs in the study, only apixaban is associated with a significantly lower
risk of stroke/SE and major bleeding and lower related medical costs compared to warfarin.
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia
in the US population and is a significant risk factor for
stroke1. The prevalence of AF increases with age, and it is
estimated that over 80% of US adults with atrial fibrillation
are 65 years or older and approximately 37% are 80 years
or older2.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) guidelines recommend
oral anticoagulants (OACs) to patients with non-valvular AF
(NVAF) and prior stroke, transient ischemic attack (TIA), or a
CHA2DS2-VASc score �23.

Warfarin, a vitamin K antagonist (VKA), has been the most
commonly used treatment for stroke prevention among
NVAF patients since the 1950s3. It was proven that dose-
adjusted warfarin reduced stroke by more than 60% com-
pared to controls and was more efficacious than antiplatelet

therapy4. Direct oral anticoagulants (DOACs; apixaban, rivar-
oxaban, dabigatran, edoxaban) have been approved by the
US Food and Drug Administration (FDA) in recent years.
While warfarin treatment requires a therapeutic range
obtained by routine monitoring of the international normal-
ized ratio (INR) through blood testing, DOACs provide a
more convenient approach in reducing the risk of stroke/sys-
temic embolism (SE) among NVAF patients with fewer drug
and food interactions3.

Clinical trials have shown that DOACs are at least non-
inferior to warfarin with respect to stroke and SE prevention
and major bleeding risk5–8. Compared to warfarin patients,
apixaban patients had lower rates of stroke/SE and major
bleeding7; patients with rivaroxaban use had non-inferior
rates of stroke/SE and similar rates of major bleeding6; those
prescribed 110mg dabigatran (not approved in the US) had
similar rates of stroke/SE and lower rates of major bleeding;
those prescribed 150mg dabigatran experienced lower rates
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of stroke/SE and similar rates of major bleeding5; and
patients with edoxaban use had non-inferior rates of stroke/
SE and lower rates of major bleeding8. Real-world compari-
sons between DOACs and warfarin exist, but little is known
about the effectiveness and safety of apixaban because it
was approved in December 2012, later than rivaroxaban and
dabigatran9–11.

AF carries a significant financial burden, costing the US
healthcare system approximately $26 billion dollars annually,
with AF-related hospitalizations accounting for the majority
of these costs (52%)12. In addition to understanding the clin-
ical difference between DOACs and warfarin, it is important
to evaluate the economic burden associated with these
treatments.

Moreover, since elderly patients comprise the majority of
NVAF patients, it is valuable to study the effectiveness and
safety of OACs using Medicare data, which is the largest US
database of patients older than 65 years. The aim of this
study was to evaluate whether real-world study results in a
large elderly population supplement clinical trial results. The
current analysis is one of the largest real-world studies com-
paring the risk of stroke/SE and major bleeding and associ-
ated costs among OAC treatment-naïve NVAF Medicare
beneficiaries who were prescribed apixaban, rivaroxaban, or
dabigatran compared with warfarin in US clinical practice set-
tings. Using the US Medicare data, this study provides new
evidence of the effectiveness and safety comparisons of
DOACs compared to warfarin among the elderly population,
and adds comprehensive real-world cost data to limited
literature.

Methods

Data source and patient selection

A real-world observational study was conducted using the US
Center of Medicare and Medicaid Services (CMS) data from
1 January 2012 through 31 December 2014. Medicare is the
federal health insurance program for those aged �65 years,
certain younger people with disabilities, and people with
end-stage renal disease in the United States, with an esti-
mated 38 million fee-for-service beneficiaries13. The database
contains medical and pharmacy claims from 100% national
Medicare data, which includes hospital inpatient, outpatient,
Medicare carrier, Part D, skilled nursing facility, home health
agency, and durable medical equipment claims. The medical
claims are coded using International Classification of Disease,
9th Revision, Clinical Modification (ICD-9-CM), Current
Procedural Terminology, or Healthcare Common Procedure
Coding System codes. Pharmacy claims include the drug dis-
pensed using the National Drug Code coding system.

Elderly patients (age �65 years) with �1 pharmacy claim
for warfarin, apixaban, rivaroxaban, or dabigatran from 1
January 2013 through 31 December 2014 were selected.
Edoxaban was approved by the FDA in 2015; therefore, it
was not included in the study. The date of the first OAC pre-
scription fill was designated as the index date. Patients were
required to have continuous medical (Part A and Part B) and
pharmacy (Part D) enrolment for 12 months prior to the

index date (baseline period). Patients were required to have
�1 medical claim for AF (ICD-9-CM: 427.31) during the base-
line period14. Patients with evidence of valvular heart disease,
heart valve replacement or surgery, venous thromboembol-
ism (VTE), transient AF (pericarditis, hyperthyroidism, thyro-
toxicity), or a pharmacy claim for an OAC during the baseline
period, more than one OAC claim on the index date, or indi-
cation of pregnancy during the study period, were excluded
(Supplemental Table 1).

Patients were followed from the index date to the OAC
prescription discontinuation date, switch to an OAC other
than the index drug, death, interruption in continuous enrol-
ment, or end of the study period (31 December 2014), which-
ever occurred the earliest. Discontinuation was defined as no
evidence of index OAC prescription for 30 days from the last
day of supply of the last filled prescription. The date of dis-
continuation was defined as the last day of days’ supply of
last filled prescription. Switching was defined as a prescrip-
tion for an OAC other than the index OAC prescription within
30 days before or after the discontinuation date15. The date
of switching was defined as the prescription date of the OAC
other than the index OAC.

Outcome measures

Primary outcome measures were stroke/SE and major bleeding
defined by the primary discharge diagnosis in the inpatient
setting. Stroke/SE included hemorrhagic stroke, ischemic
stroke, and SE. Major bleeding included bleeding at key sites
including – but not limited to – intracranial, gastrointestinal,
liver, splenic, and ocular hemorrhage. The major bleeding
code list was based on a validated administrative claim based
algorithm and the International Society on Thrombosis and
Haemostasis’ definition of major bleeding (Supplemental
Table 2)16,17. The effectiveness and safety outcomes were
measured independently; patients were censored at stroke/SE
and/or major bleeding events for the respective analysis.

Stroke/SE-related and major bleeding-related medical
costs were defined as the first stroke/SE or major bleeding
hospitalization costs plus all additional costs after the hospi-
talization related to stroke/SE and major bleeding events
during the follow-up. Stroke/SE- and major-bleeding-related
medical costs were evaluated in all clinical settings. The med-
ical costs included hospitalization, outpatient, and emergency
room visit costs. The total paid amount was examined, which
includes patient and payer paid amounts. Costs were calcu-
lated per patient per month (PPPM) and adjusted to 2014US
dollars using the medical care component of the consumer
price index (CPI)18.

Baseline variables

Patient demographics, clinical characteristics (clinical risk
scores, comorbidities, and co-medications), and baseline hos-
pitalizations were measured during the baseline period.
Stroke and major bleeding risks were assessed using
the CHADS2, CHA2DS2-VASc, and HAS-BLED scores, respect-
ively19,20. The CHA2DS2-VASc stroke risk score was calculated
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as the summed total of the points determined for each diag-
nosis or characteristic, and was based on the CHADS2 score
(congestive heart failure, hypertension, aged >75 years, dia-
betes, prior stroke or transient ischemic attack, or thrombo-
embolism) plus vascular disease, aged 65–74 years, and
sex20. The HAS-BLED bleeding risk score was based on evi-
dence of hypertension, abnormal kidney or liver function,
stroke, bleeding, age >65 years, and drugs/alcohol abuse or
dependence19. INR values were not available; therefore, they
were not included in the calculation.

Statistical methods

All study variables, including baseline and outcome meas-
ures, were analyzed descriptively and stratified by cohort.
Pearson’s chi-square tests were used to evaluate significant
differences for dichotomous variables; Student’s t-tests were
used for continuous variables. One-to-one propensity score
matching (PSM) was used to balance demographics and clin-
ical characteristics between each DOAC vs. warfarin (apixaban
vs. warfarin, rivaroxaban vs. warfarin, and dabigatran vs. war-
farin). Age, sex, US geographic region, Deyo–Charlson comor-
bidity index (CCI) score, CHA2DS2-VASc score, HAS-BLED
score, stroke and bleeding history, comorbidities, baseline
medication use, and inpatient admissions were used to calcu-
late propensity scores for each patient using logistic regres-
sion21. The nearest neighbor method with a caliper of 0.01
was used to match patients. Mean standardized differences
were used to assess the balance of baseline patient charac-
teristics; values �10% were used as the threshold22.

Incidence rates of stroke/SE and major bleeding in PSM
matched cohorts were calculated as the number of stroke/SE
and major bleeding events, respectively, per 100 person-
years. Cox proportional hazards models were used to com-
pare the risk of stroke/SE and major bleeding in each of the
three matched cohorts. Geographic region was included in
the models as an independent variable due to imbalance
after matching. Two-part models with bootstrapping were
used to analyze the stroke/SE- and major-bleeding-related
medical costs PPPM. There were a large number of zeroes in
the stroke- and major-bleeding-related medical costs; there-
fore, two-part models were implemented, in which the first
part was a logistic regression for the occurrence of the event
(stroke or major bleeding) and the second part was a gener-
alized linear model (GLM) regression of cost, conditional on
the event23. Gamma distribution with log link was used for
the GLM regression.

Sensitivity analyses

To ensure the robustness of the results in the main analysis,
three sensitivity analyses were conducted. First, the cohorts
were stratified by dosage (reduced and standard) to deter-
mine whether the treatment effects were modified by dos-
age. For the DOAC cohorts, standard-dose (apixaban 5mg,
rivaroxaban 20mg, and dabigatran 150mg) and reduced-
dose (apixaban 2.5mg, rivaroxaban 15mg, and dabigatran
75mg) cohorts were created based on the index dosage.

Each warfarin patient was assigned to one of the two sub-
groups according to the dose of the matched DOAC patient.
The balance of baseline characteristics was tested in each
subgroup, and when imbalance was detected (standardized
difference >10%), the variable was included in the multivari-
ate model. The statistical significance of the interaction
between treatment and dose was evaluated. Second, only
patients with at least 30 days of follow-up were evaluated to
exclude patients who had too short a follow-up to develop
any stroke/SE or major bleeding events. The balance of the
baseline characteristics was checked after excluding those
patients with <30 days, and unbalanced variables were
included in the multivariate model. Third, patients were
censored at 6 months. Apixaban patients had a shorter fol-
low-up time due to the drug’s recent market entry; therefore,
the third sensitivity analysis helped create a more balanced
follow-up period among the treatment groups.

Results

Baseline characteristics

Of 186,132 patients who were eligible for the analysis before
PSM, 95,390 (51.2%) were prescribed warfarin, 20,853 (11.2%)
were prescribed apixaban, 53,146 (28.6%) were prescribed
rivaroxaban, and 16,743 (9.0%) were prescribed dabigatran.
Patients initiating warfarin were older and had significantly
higher baseline mean CHA2DS2-VASc and CCI scores followed
by apixaban, rivaroxaban, and dabigatran (Supplemental
Table 3). After 1:1 PSM, there were 20,803 apixaban–warfarin
matched pairs, 52,476 rivaroxaban–warfarin matched pairs,
and 16,731 dabigatran–warfarin matched pairs (Figure 1).

The descriptive baseline characteristics are shown in
Table 1. After PSM, comparisons of baseline characteristics
between matched cohorts did not show significant differen-
ces, with the exception of geographic regions; significant dif-
ferences (standardized difference �10%) were found for the
North Central and South regions. Apixaban–warfarin matched
patients had a mean age of 78 years and mean CCI score of
2.8 and 2.9 for apixaban and warfarin patients, respectively.
Rivaroxaban–warfarin matched patients had a mean age of
78 years and mean CCI score of 2.7. Dabigatran–warfarin
matched patients had a mean age of 77 years and mean CCI
score of 2.5 and 2.6 for dabigatran and warfarin matched
patients, respectively. With regards to dosing, 72.0%, 64.3%,
and 79.7% of matched patients were prescribed standard
dose apixaban, rivaroxaban, and dabigatran, respectively.

Clinical outcomes

The follow-up time for each matched cohort is shown in
Table 1. The incidence rates of stroke/SE and major bleeding
are shown in Figures 2 and 3.

Apixaban (hazard ratio [HR]: 0.40; 95% confidence interval
[CI]: 0.31, 0.53; p< .001) and rivaroxaban (HR: 0.72; 95% CI:
0.63, 0.83; p< .001) were associated with a significantly lower
risk of stroke/SE compared to warfarin. Dabigatran (HR: 0.94;
95% CI: 0.74–1.21; p¼ .647) was associated with a similar risk
of stroke/SE compared to warfarin (Figure 2). The incidence
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rates and hazard ratios for ischemic stroke, hemorrhagic
stroke, and SE are shown in Figure 2.

Apixaban (HR: 0.51; 95% CI: 0.44, 0.58; p< .001) and dabi-
gatran (HR: 0.79; 95% CI: 0.69, 0.91; p¼ .001) were associated
with a significantly lower risk of major bleeding compared to
warfarin. Rivaroxaban (HR: 1.17; 95% CI: 1.10, 1.26; p< .001)
was associated with a significantly higher risk of major bleed-
ing compared to warfarin (Figure 3). The incidence rates and
hazard ratios for gastrointestinal bleeding, intracranial hemor-
rhage, and other major bleeding are shown in Figure 3.

Economic outcomes

Compared to warfarin, apixaban ($63 vs. $131; difference:
�$68; 95% CI: �$104, -$31; p< .001) and rivaroxaban ($93 vs.
$139; difference: �$46; 95% CI: �$75, �$17; p¼ .002) had
significantly lower PPPM stroke/SE-related medical costs; dabi-
gatran ($91 vs. $126; difference: �$35; 95% CI: �$71, $2;
p¼ .064) had similar stroke/SE-related medical costs (Figure 4).

Compared to warfarin, apixaban ($292 vs. $529; difference:
�$237; 95% CI: �$310, �$163; p< .001) and dabigatran
($369 vs. $450; difference: �$81; 95% CI: �$156, �$5;
p¼ .036) had significantly lower major-bleeding-related med-
ical costs. Rivaroxaban ($541 vs. $501; difference: $40; 95%
CI: �$18, $98; p¼ .177) had similar major-bleeding-related
medical costs compared to warfarin (Figure 5).

Sensitivity analyses

The results of the sensitivity analyses were consistent with
those of the main analysis. In the dosing analysis, a

significant interaction was found for stroke/SE between apix-
aban treatment and dosage (p¼ .046). Although both stand-
ard (HR: 0.34; 95% CI: 0.24, 0.47) and reduced dose (HR: 0.60;
95% CI: 0.38, 0.96) apixaban were associated with signifi-
cantly lower risk of stroke/SE compared to warfarin, there
was a difference in the magnitude caused by dosage. There
was no significant interaction for major bleeding between
apixaban treatment and dosage (p¼ .407). There were no
significant interactions for rivaroxaban and dabigatran and
dosage for major bleeding and stroke/SE (Table 2).

In the sensitivity analyses for �30 days of follow-up and
censoring at 6 months, the results were consistent with those
of the main analysis. In both sensitivity analyses, apixaban
and rivaroxaban patients had significantly lower risks of
stroke/SE and dabigatran patients had similar risk of stroke/
SE compared to warfarin patients. In the two sensitivity anal-
yses, apixaban and dabigatran also demonstrated signifi-
cantly lower risk of major bleeding and rivaroxaban
demonstrated significantly higher risk of major bleeding
compared to warfarin (Table 3).

Discussion

This is the largest US real-world evaluation of the effective-
ness, safety, and associated costs of DOACs compared to
warfarin to date in the elderly NVAF population using PSM.
This real-world study of Medicare patients with NVAF demon-
strated that, when compared to warfarin, apixaban was asso-
ciated with significantly lower risk of stroke/SE and major
bleeding; rivaroxaban was associated with significantly lower
risk of stroke/SE but higher risk of major bleeding; and

Figure 1. Patient selection flow chart. Abbreviations. AF, atrial fibrillation; OAC, oral anticoagulant; ICD-9-CM; International Classification of Disease, 9th Revision,
Clinical Modification; VTE, venous thromboembolism.
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dabigatran was associated with similar risk of stroke/SE and
significantly lower risk of major bleeding. The results also
demonstrated that patients who initiated apixaban had lower
stroke/SE- and major-bleeding-related medical costs com-
pared to warfarin; patients who initiated rivaroxaban had

significantly lower stroke/SE-related medical costs compared
to warfarin; and patients who initiated dabigatran had signifi-
cantly lower major-bleeding-related costs.

The effectiveness and safety results of apixaban versus
warfarin observed in the study were generally consistent

Table 1. Baseline characteristics and follow-up time in propensity score matched cohorts.

Warfarin Cohort
(N¼ 16,731)

Dabigatran Cohort
(N¼ 16,731)

Warfarin Cohort
(N¼ 52,476)

Rivaroxaban Cohort
(N¼ 52,476)

Warfarin Cohort
(N¼ 20,803)

Apixaban Cohort
(N¼ 20,803)

N/Mean %/SD N/Mean %/SD STD� N/Mean %/SD N/Mean %/SD STD� N/Mean %/SD N/Mean %/SD STD�

Age 77.1 7.3 77.2 7.0 1.2 77.8 7.2 77.7 7.2 0.6 78.1 7.5 78.4 7.4 3.5
65–74 6,977 41.7 6,777 40.5 2.4 19,932 38.0 19,840 37.8 0.4 7,506 36.1 7,214 34.7 2.9
75–84 6,911 41.3 7,062 42.2 1.8 22,264 42.4 22,286 42.5 0.1 8,660 41.6 8,830 42.4 1.7
�85 2,843 17.0 2,892 17.3 0.8 10,280 19.6 10,350 19.7 0.3 4,637 22.3 4,759 22.9 1.4

Sex
Male 8,540 51.0 8,462 50.6 0.9 25,226 48.1 25,341 48.3 0.4 9,971 47.9 9,919 47.7 0.5
Female 8,191 49.0 8,269 49.4 0.9 27,250 51.9 27,135 51.7 0.4 10,832 52.1 10,884 52.3 0.5

US Geographic Region
Northeast 2,980 17.8 3,414 20.4 6.6 9,726 18.5 9,193 17.5 2.6 3,918 18.8 3,596 17.3 4.0
North Central 4,854 29.0 3,856 23.0 13.6 15,817 30.1 11,773 22.4 17.6 6,079 29.2 4,220 20.3 20.8
South 5,947 35.5 6,299 37.6 4.4 18,024 34.3 22,181 42.3 16.3 7,300 35.1 9,377 45.1 20.5
West 2,936 17.5 3,135 18.7 3.1 8,859 16.9 9,231 17.6 1.9 3,491 16.8 3,595 17.3 1.3
Other 14 0.1 27 0.2 2.2 50 0.1 98 0.2 2.4 15 0.1 15 0.1 0.0

Baseline Comorbidity
Deyo-Charlson Comorbidity

Index Score
2.6 2.5 2.5 2.4 3.2 2.7 2.5 2.7 2.5 0.2 2.9 2.6 2.8 2.6 5.2

CHADS2 Score 2.7 1.4 2.6 1.4 2.2 2.7 1.4 2.7 1.4 0.5 2.8 1.4 2.8 1.4 2.4
0¼ Low Risk 682 4.1 686 4.1 0.1 2,028 3.9 1,981 3.8 0.5 575 2.8 625 3.0 1.4
1¼Moderate Risk 2,939 17.6 2,994 17.9 0.9 9,079 17.3 9,147 17.4 0.3 3,378 16.2 3,411 16.4 0.4
2¼High Risk 4,880 29.2 5,027 30.0 1.9 15,402 29.4 15,398 29.3 0.0 5,817 28.0 6,042 29.0 2.4
>2¼High Risk 8,230 49.2 8,024 48.0 2.5 25,967 49.5 25,950 49.5 0.1 11,033 53.0 10,725 51.6 3.0

CHADS2-VASc Score 4.5 1.7 4.4 1.7 2.6 4.5 1.7 4.5 1.7 0.5 4.7 1.7 4.6 1.7 2.9
0¼ Low Risk 0 0.0 0 0.0 0.0 0 0.0 0 0.0 0.0 0 0.0 0 0.0 0.0
1¼Moderate Risk 371 2.2 371 2.2 0.0 1,019 1.9 1,034 2.0 0.2 264 1.3 318 1.5 2.2
2¼High Risk 1,706 10.2 1,721 10.3 0.3 5,038 9.6 5,014 9.6 0.2 1,791 8.6 1,787 8.6 0.1
>2¼High Risk 14,654 87.6 14,639 87.5 0.3 46,419 88.5 46,428 88.5 0.1 18,748 90.1 18,698 89.9 0.8

HAS-BLED Score 3.2 1.2 3.1 1.2 4.2 3.2 1.2 3.2 1.2 0.0 3.3 1.2 3.3 1.2 4.8
0¼ Low Risk 0 0.0 0 0.0 0.0 0 0.0 0 0.0 0.0 0 0.0 0 0.0 0.0
1–2¼Moderate Risk 5,478 32.7 5,793 34.6 4.0 16,024 30.5 15,983 30.5 0.2 5,521 26.5 5,963 28.7 4.8
>2¼High Risk 11,253 67.3 10,938 65.4 4.0 36,452 69.5 36,493 69.5 0.2 15,282 73.5 14,840 71.3 4.8

Prior Bleed 3,344 20.0 3,264 19.5 1.2 11,910 22.7 11,831 22.5 0.4 4,731 22.7 4,548 21.9 2.1
Prior Stroke 2,043 12.2 1,974 11.8 1.3 6,392 12.2 6,331 12.1 0.4 2,872 13.8 2,686 12.9 2.6
Congestive Heart Failure 4,909 29.3 4,784 28.6 1.6 15,328 29.2 15,239 29.0 0.4 6,698 32.2 6,388 30.7 3.2
Diabetes 6,291 37.6 6,214 37.1 1.0 19,122 36.4 18,989 36.2 0.5 7,467 35.9 7,341 35.3 1.3
Hypertension 14,870 88.9 14,743 88.1 2.4 46,616 88.8 46,544 88.7 0.4 18,980 91.2 18,782 90.3 3.3
Renal Disease 3,333 19.9 3,198 19.1 2.0 11,072 21.1 11,078 21.1 0.0 5,312 25.5 4,977 23.9 3.7
Myocardial Infarction 1,918 11.5 1,810 10.8 2.1 6,369 12.1 6,416 12.2 0.3 2,844 13.7 2,659 12.8 2.6
Dyspepsia or Stomach Discomfort 3,584 21.4 3,365 20.1 3.2 11,580 22.1 11,510 21.9 0.3 4,815 23.1 4,640 22.3 2.0
Peripheral Vascular Disease 9,238 55.2 8,915 53.3 3.9 29,417 56.1 29,369 56.0 0.2 12,617 60.6 12,286 59.1 3.2
Transient Ischemic Attack 1,308 7.8 1,231 7.4 1.7 4,132 7.9 4,077 7.8 0.4 1,842 8.9 1,769 8.5 1.2
Coronary Artery Disease 7,940 47.5 7,692 46.0 3.0 25,385 48.4 25,304 48.2 0.3 11,086 53.3 10,758 51.7 3.2

Baseline Medication Use
Angiotensin Converting Enzyme

Inhibitors
6,490 38.8 6,409 38.3 1.0 18,981 36.2 19,048 36.3 0.3 7,452 35.8 7,420 35.7 0.3

Amiodarone 1,469 8.8 1,431 8.6 0.8 4,179 8.0 4,205 8.0 0.2 2,158 10.4 2,171 10.4 0.2
Angiotensin Receptor Blockers 4,231 25.3 4,171 24.9 0.8 13,076 24.9 13,145 25.0 0.3 5,660 27.2 5,558 26.7 1.1
Beta Blockers 9,186 54.9 9,008 53.8 2.1 28,409 54.1 28,415 54.1 0.0 12,273 59.0 11,880 57.1 3.8
H2-Receptor Antagonists 1,152 6.9 1,090 6.5 1.5 3,495 6.7 3,553 6.8 0.4 1,546 7.4 1,446 7.0 1.9
Proton Pump Inhibitors 5,157 30.8 4,958 29.6 2.6 16,742 31.9 16,604 31.6 0.6 7,104 34.1 6,907 33.2 2.0
Anti-platelets 2,606 15.6 2,520 15.1 1.4 8,820 16.8 8,863 16.9 0.2 4,196 20.2 4,100 19.7 1.2
Statins 9,783 58.5 9,611 57.4 2.1 30,265 57.7 30,180 57.5 0.3 13,075 62.9 12,791 61.5 2.8

Baseline Healthcare Utilization
Inpatient Admission 6,872 41.07 6,646 39.72 2.75 24,297 46.30 24,105 45.94 0.73 8,553 41.11 8,143 39.14 4.02

Follow-up Time (in days)
Mean 199.3 185.2 196.1 192.3 1.7 197.1 185.2 203.8 192.4 3.5 196.2 184.1 171.2 153.4 14.8
Minimum 1 1 1 1 1 1
Quartile 1 53 30 50 33 52 43
Median 126 113 120 130 122 115
Quartile 3 307 307 301 328 299 261
Maximum 730 730 730 730 730 702

Abbreviations. SD, standard deviation; STD, standardized difference.
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with those of the ARTISTOTLE clinical trial. In the ARISTOTLE
trial, apixaban was superior to warfarin in reducing the risk
of stroke/SE (HR: 0.79; 95% CI: 0.66, 0.95; p< .001 for non-
inferiority; p¼ .011 for superiority) with fewer major bleeding
events (HR: 0.69; 95% CI: 0.60, 0.80; p< .001)7 In the ROCKET-
AF clinical trial, patients with rivaroxaban use had non-
inferior risk of stroke/SE (HR: 0.79; 95% CI: 0.66, 0.96; p< .001
for non-inferiority) and similar risk of major bleeding (HR:
1.04; 95% CI: 0.90, 1.20; p¼ .58) compared to warfarin6. These
results were different from those in our study where we
found rivaroxaban was associated with significantly lower risk
of stroke/SE and higher risk of major bleeding. In the RE-LY
trial, 110mg dabigatran (not approved in the US) was associ-
ated with similar risk of stroke/SE (HR: 0.91; 95% CI: 0.74,
1.11; p< .001 for non-inferiority) and lower risk of major
bleeding (HR: 0.80; 95% CI: 0.69, 0.93; p¼ .003); 150mg dabi-
gatran was associated with significantly lower risk of stroke/
SE (HR: 0.66; 95% CI: 0.53, 0.82; p< .001 for superiority) and
similar risk of major bleeding (HR: 0.93; 95% CI: 0.81, 1.07;
p¼ .31) compared to warfarin5. The results from this clinical
trial are different from our real-world study where we found
dabigatran (150mg and 75mg) was associated with similar
risk of stroke/SE and significantly lower risk of major
bleeding.

Several real-world studies have compared the effective-
ness and safety of rivaroxaban and dabigatran to warfarin
with varying results. In the Graham et al. study using

Medicare data, dabigatran patients had a significantly lower
risk of ischemic stroke (HR: 0.80; 95% CI: 0.67, 0.96) and
similar risk of major bleeding (HR: 0.97; 95% CI: 0.88, 1.07)
compared to warfarin24. Likewise, in the Lauffenburger et al.
study using Truven MarketScan data, dabigatran was associ-
ated with a lower risk of ischemic stroke/SE (HR: 0.86; 95%
CI: 0.79, 0.93) and similar risk of major bleeding (HR: 0.94;
95% CI: 0.87, 1.01)25. Similarly, the Villines et al. study using
US Department of Defense claims data demonstrated that
patients with dabigatran use had lower risk of stroke (HR:
0.73; 95% CI: 0.55, 0.97) and similar risk of major bleeding
(HR: 0.87; 95% CI: 0.74, 1.03) compared to warfarin26.
However, the Lip et al.11 and the Yao et al.9 studies showed
contrary results, and these results are consistent with those
of our analysis. In the Lip et al. major bleeding study using
MarketScan data, patients initiating dabigatran (HR: 0.69; 95%
CI: 0.50, 0.96) had significantly lower risk of major bleeding
compared to warfarin11. The Yao et al. study using
OptumLabs data found that dabigatran (HR: 0.79; 95% CI:
0.67, 0.94) had significantly lower risk of major bleeding and
similar risk of stroke/SE (HR: 0.98; 95% CI: 0.76, 1.26) com-
pared to warfarin, which is consistent with our study9. The
differences in databases and patient populations between
our study and others may explain the inconsistencies in
results.

Lalibert�e et al. compared rivaroxaban to warfarin using
Symphony Health Solutions’ Patient Transactional data and

Figure 2. Hazard ratio of stroke/SE for propensity score matched patients. Abbreviations. HR, hazard ratio; CI, confidence interval; SE: systemic embolism.
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found that patients prescribed rivaroxaban had similar bleed-
ing and composite stroke and SE outcomes to those pre-
scribed warfarin27. Likewise, the Yao et al. study using
OptumLabs data found that patients with rivaroxaban use

had similar risk of major bleeding (HR: 1.04; 95% CI: 0.90,
1.20) and stroke/SE (HR: 0.93; 95% CI: 0.72, 1.19) compared to
those with warfarin use9. In the comparison of the types of
major bleeding, the Yao study and our study were similar, in

Figure 4. Stroke-related medical costs PPPM for propensity score matched patients. �p¼ .064; ��p¼ .002; ���p< .001. Abbreviations. PPPM, per patient per
month; CI, confidence interval; SE, systemic embolism.

Figure 3. Hazard ratio of major bleeding for propensity score matched patients. Abbreviations. HR, hazard ratio; CI, confidence interval; GI, Gastrointestinal; ICH,
Intracranial hemorrhage.
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that rivaroxaban patients had significantly lower risk of intra-
cranial hemorrhage but higher risk of gastrointestinal bleed-
ing compared to warfarin patients. The Lip et al. major
bleeding study using MarketScan data also found that
patients initiating rivaroxaban treatment (HR: 0.98; 95% CI:
0.83, 1.17) had similar risk of major bleeding compared to
those initiating warfarin11. Contrary to those studies, our
study found that rivaroxaban was associated with a signifi-
cantly higher risk of major bleeding and a lower risk of
stroke/SE in the elderly population. The inconsistency may be
due to the difference in patient characteristics (e.g. older
mean age, higher HAS-BLED score [higher hypertension and
renal disease]), risks of different types of stroke and major
bleeding in the elderly population, study design, and sample
size (the sample size was larger in our study).

Several real-world data studies have consistently demon-
strated that apixaban was associated with lower risk of
stroke/SE and major bleeding compared to warfarin. In the
Lip et al. major bleeding study, patients initiating apixaban
(HR: 0.53; 95% CI: 0.39, 0.71) had significantly lower risk of
major bleeding compared to those initiating warfarin11. The
Yao et al. OptumLabs data study found that apixaban users
had significantly lower risk of major bleeding (HR: 0.45; 95%
CI: 0.34, 0.59) and stroke/SE (HR: 0.67; 95% CI: 0.46, 0.98)
compared to warfarin users9. Similarly, in a recently pub-
lished study pooling four claims datasets, apixaban initiators
were associated with a significantly lower risk of stroke/SE
(HR: 0.67; 95% CI: 0.59, 0.76) and major bleeding (HR: 0.60;
95% CI: 0.54, 0.65) compared with warfarin initiators28.
Among the comparisons of DOACs to warfarin, only apixaban

Table 2. Dose sensitivity analysis for propensity score matched patients.

Dabigatran vs. Warfarin p value� Rivaroxaban vs. Warfarin p value� Apixaban vs. Warfarin p value�
Stroke/SE

Reduced Dose 1.41 (0.86, 2.30) 0.075 0.78 (0.63, 0.96)† 0.576 0.60 (0.38, 0.96)† 0.046
Standard Dose 0.84 (0.63, 1.12) 0.69 (0.58, 0.83)‡ 0.34 (0.24, 0.47)‡

Major Bleeding
Reduced Dose 0.96 (0.74, 1.25) 0.121 1.14 (1.03, 1.27)† 0.387 0.48 (0.38, 0.60)‡ 0.407
Standard Dose 0.75 (0.64, 0.89)‡ 1.21 (1.11, 1.33)‡ 0.54 (0.46, 0.64)‡

�p-value in the table is for interaction.
†p< .05, ‡p< .001.

Table 3. Hazard ratio of stroke/SE and major bleeding for propensity score matched patients in the sensitivity analyses.

Dabigatran vs. Warfarin Rivaroxaban vs. Warfarin Apixaban vs. Warfarin

�30 days Follow-up
Stroke/SE 0.91 (0.71, 1.18) 0.72 (0.63, 0.83)� 0.40 (0.31, 0.53)�
Major bleeding 0.80 (0.69, 0.92)† 1.19 (1.11, 1.28)� 0.52 (0.45, 0.59)�

Censoring at 6 months
Stroke/SE 0.98 (0.74, 1.30) 0.71 (0.61, 0.84)� 0.42 (0.31, 0.56)�
Major bleeding 0.79 (0.67, 0.93)† 1.19 (1.10, 1.29)� 0.52 (0.45, 0.61)�

�p< .001, †p< .01.

Figure 5. Major-bleeding-related medical costs PPPM for propensity score matched patients. �p¼ .036; ��p¼ .177; ���p< .001. Abbreviations. PPPM, per patient
per month; CI, confidence interval.
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was consistently associated with significantly lower risks for
both stroke/SE and major bleeding.

Limited real-world studies have compared medical costs
between DOACs and warfarin. Lalibert�e et al. using Premier
Perspective Comparative Hospital data demonstrated that
rivaroxaban had significantly lower hospitalization cost com-
pared to warfarin ($11,993 vs. $13,255; difference: -$1284;
p< .001) per patient during the index hospitalization from
2010 to 201229. Another study by Lalibert�e et al. also found
significantly lower all-cause and AF-related hospitalization
costs for rivaroxaban compared to warfarin using Humana
data from 2011 to 201230. However, Lalibert�e et al. did not
report costs associated with clinical outcomes: stroke/SE and
major bleeding.

One study comparing the costs related to DOACs versus
warfarin using the Medco US health plans data and corre-
sponding relative risks from the clinical trials of DOACs dem-
onstrated that apixaban (difference: -$1245) and dabigatran
(-$555) patients were associated with significantly lower
stroke plus major bleeding excluding intracranial hemorrhage
(MBEIH)-related medical costs, while rivaroxaban patients (dif-
ference: $144) had significantly higher costs compared to
warfarin31. Another analysis using the same patient popula-
tion and methods showed that apixaban was associated with
a $493 reduction in stroke-related medical costs and a $752
reduction in MBEIH-related medical costs compared to war-
farin32. The current study adds to the body of evidence
regarding medical costs related to major bleeding and
stroke/SE among OAC patients with NVAF.

There are several limitations to our study. Due to the
nature of observational cohort studies, no causal relations
could be inferred and only associations were assessed.
Although cohorts were PSM matched, potential residual
confounders exist, such as over-the-counter aspirin use and
warfarin dose adjustment, which are not available in the
dataset. Claims data lacks laboratory results and accuracy in
medical information. For example, in this study, AF was
identified first, and patients with ICD-9-CM codes for valvu-
lar heart disease were excluded. Diagnoses were identified
using ICD-9-CM codes, which is different from the clinical
trials. As a result, this study may not be directly comparable
to clinical trials. Additionally, the presence of a claim for a
filled prescription does not indicate whether the medication
was consumed or taken as prescribed. This study included
only treatment naïve OAC patients at baseline, which may
have impacted the generalization of the results. OAC drug
prescription(s) or other comorbid conditions were not eval-
uated prior to the 12-month baseline period. Moreover, the
follow-up period was not uniform for the four study
cohorts, which may have introduced bias into the results.
However, our findings from sensitivity analyses were consist-
ent with primary analysis, indicating that these results are
less likely to be affected by different follow-up periods.
Compared with clinical trials, the follow-up period for each
cohort in this study was also shorter, which may impact our
results. Finally, although understanding the US Medicare
population is important in managing NVAF, findings from
this elderly population may not be generalized to other
populations.

Conclusions

This analysis is one of the first and largest real-world studies
examining the risk of stroke/SE, major bleeding, and associ-
ated costs among US elderly NVAF patients using PSM.

This real-world study in the elderly Medicare population
found that, when compared to warfarin, apixaban was associ-
ated with significantly lower risks of stroke/SE and major
bleeding; dabigatran was associated with similar risk of
stroke/SE and significantly lower risk of major bleeding; and
rivaroxaban was associated with significantly lower risk of
stroke/SE, but higher risk of major bleeding.

Cost analyses demonstrated that patients who were pre-
scribed apixaban had both lower stroke/SE- and major-bleed-
ing-related medical costs; dabigatran had similar stroke/SE-
related costs and significantly lower major-bleeding-related
costs, and rivaroxaban had significantly lower stroke/SE-
related medical costs and similar major bleeding costs when
compared to warfarin. The clinical results of this study, which
supplement what has been reported in clinical trial data,
along with the economic results may help healthcare pro-
viders with the selection of appropriate treatment for
patients with NVAF.
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