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ABSTRACT

BACKGROUND: The use of non-vitamin K oral anticoagulants (NOACs) has
increased steadily following marketing approval; however, their relative
safety in nonvalvular atrial fibrillation (NVAF) patients in real-world clinical
practice remains unclear.

OBJECTIVE: To compare the risk of major bleeding during anticoagulation
therapy between warfarin and NOACs.

METHODS: This retrospective cohort study analyzed administrative claims
data on new NVAF users of warfarin, dabigatran, apixaban, or rivaroxaban
in routine clinical care from November 2010 to February 2015 in a com-
mercially insured population in the United States. The primary outcome
was time to first major bleeding event requiring hospitalization. Patients
were followed until discontinuation or switch of anticoagulants, health plan
disenroliment, death, or end of study. All patient characteristics were bal-
anced after propensity score inverse probability of treatment (IPT) weight-
ing. Event rates by type of anticoagulant exposure were compared using
IPT-weighted Cox proportional hazards models.

RESULTS: The study cohort comprised 44,057 patients who used warfarin
(n=23,431), dabigatran (n=8,539), apixaban (n=3,689), and rivaroxa-
ban (n=8,398). Overall mean (SD) age was 70 (12) years, and 41% of the
patients were women. A total of 2,337 major bleeding events occurred
during 36,636.2 person-years of follow-up. The unadjusted rate of major
bleeding with warfarin was 6.0 per 100 person-years versus 2.8 with dabi-
gatran, 3.3 with apixban, and 5.0 with rivaroxaban. Relative to warfarin,
major bleeding risk was lower with dabigatran (HR=0.67, 95% Cl=0.60-
0.76) and apixaban (HR=0.52, 95% Cl=0.41-0.67). Compared with riva-
roxaban, major bleeding risk was also lower with dabigatran (HR=0.67,
95% Cl=0.58-0.78) and apixaban (HR=0.52, 95% Cl=0.40-0.68). Major
bleeding risk was similar for rivaroxaban and warfarin. Relative to apixa-
ban, dabigatran was associated with a significantly higher risk of major
gastrointestinal bleeding (HR=1.43, 95% Cl=1.09-1.88).

CONCLUSIONS: Study results were consistent with safety findings from
pivotal clinical trials comparing NOACs with warfarin and added the per-
spective of a large real-world observational study that compared bleeding
risks associated with NOACs during anticoagulation therapy. Apixaban and
dabigatran were associated with lower major bleeding risk compared with
warfarin or rivaroxaban; however, apixaban had a lower risk of major gas-
trointestinal bleeding than dabigatran. These findings can help inform the
choice of an optimal agent, which must balance effectiveness and bleeding
risk in complex patients.
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What is already known about this subject

Clinical trial results have demonstrated the efficacy and safety of
non-vitamin K oral anticoagulants (NOACs) relative to warfarin
for stroke prevention in nonvalvular atrial fibrillation (NVAF)
patients.

Concerns persist regarding the real-world safety of NOACs.

What this study adds

This study examined major bleeding risk among NVAF patients
using NOACs during anticoagulation therapy.

Relative to warfarin, dabigatran and apixaban were associated
with a 33% lower major bleeding risk, while dabigatran and
apixaban were associated with a 48% lower risk of major bleeding
compared with rivaroxaban.

Apixaban was associated with a lower risk of major gastrointesti-
nal bleeding than dabigatran.

trial fibrillation is estimated to be responsible for

approximately 15%-20% of all strokes." Long-term

anticoagulation with vitamin K antagonists (e.g., war-
farin) is effective for stroke prevention, but patients face a sig-
nificant risk of major bleeding, and therapeutic effectiveness is
complicated by dosing adjustments and dietary compliance.>*
Patients who bleed often discontinue anticoagulation so are at
a higher risk of thromboembolism.?*

In recent years, the approval of several non-vitamin K oral
anticoagulants (NOACs) expanded the therapeutic options for
long-term anticoagulation in atrial fibrillation. NOAC agents
(i.e., dabigatran, rivaroxaban, and apixaban) have compared
favorably with warfarin in phase 3 trials with patients with
nonvalvular atrial fibrillation (NVAF)*7 and in a few observa-
tional studies.®'? In addition, fewer drug-food or drug-drug
interactions make NOACs appealing warfarin alternatives for
stroke prophylaxis in atrial fibrillation.**

NOACs accounted for about 62% of new prescriptions of
oral anticoagulants in a 2014 report."”* Nonetheless, concerns
persist regarding the lack of long-term experience with NOAC
anticoagulation and effective management strategies in the
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Cohort Definition Flow Diagram

Index anticoagulant drug (November 1, 2010-February 28, 2015)

Warfarin, n=278,260 Dabigatran, n=20,106

Apixaban, n=8,090 Rivaroxaban, n=50,139

Continuous medical and pharmacy eligibility for 6 months before index date
Dabigatran, n=14,645

Warfarin, n=214,384

Apixaban, n=6,463 Rivaroxaban, n=40,389

Note: Approval dates for stroke prevention NOACs to use in nonvalvular atrial fibrillation: dabigatran, October 2010; rivaroxaban, November 2011 (DVT prevention

approval was July 2011); and apixaban, December 2012.

AF=atrial fibrillation; DVT =deep vein thrombosis; GPI= Generic Product Indicator; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical

Modification; NOAC=non-vitamin K oral anticoagulant.

event of major bleeding. The limited number of studies on the
real-world safety of NOACs have reported conflicting findings.
Whereas an analysis of U.S. Medicare data—covering ben-
eficiaries who are typically aged 65 years and older—found a
significantly higher risk of major bleeding and gastrointestinal
bleeding with dabigatran compared with warfarin,"* another
study reported no difference in the risk of gastrointestinal bleed-
ing with dabigatran or rivaroxaban compared with warfarin in
younger, commercially insured NVAF patients."”

In a large retrospective study of Medicare patients, Graham
et al. (2016) reported that patients receiving rivaroxaban
(20 mg once daily) were associated with statistically signifi-
cant increases in major gastrointestinal bleeding, compared
with patients who received dabigatran (150 mg twice daily).'°
Noseworthy et al. (2016) reported lower bleeding risk among
apixaban compared with dabigatran and rivaroxaban users,
while rivaroxaban was associated with a higher bleeding risk
compared with dabigatran." In a related study that compared
NOACs with warfarin, Yao et al. (2016) reported that while
apixaban and dabigatran were associated with lower risks

of bleeding relative to warfarin, rivaroxaban and warfain
appeared to have similar risks.!* In another large observa-
tional study, Deitelzweig et al. (2016) reported a higher risk of
bleeding-related hospital readmissions among patients using
rivaroxaban compared with those on apixaban, based on data
from 2 large claims databases.” Furthermore, Sussman et al.
(2016) reported that patients treated with dabigatran in inte-
grated networks had lower bleed-related health care utilization
than those on warfarin.®

Meanwhile, a specific reversal agent has been approved
for dabigatran,'® and factor Xa antidotes for apixaban- and
rivaroxaban-related bleeding are in development,'"'® although
experience with these antidotes in the management of NOAC-
related major bleeding is limited.

Data on the relative safety of long-term anticoagulation with
the newer agents in NVAF patients in routine care could inform
the choice of anticoagulant. In this retrospective cohort study,
we compared major bleeding outcomes for NVAF patients
treated with warfarin, dabigatran, apixaban, or rivaroxaban.
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Methods
Data Source
We used medical and pharmacy claims data from the
HealthCore Integrated Research Environment (HIRE) from
November 1, 2009, through January 31, 2016. HIRE includes
medical and pharmacy claims data for nearly 40 million
members with commercial insurance across 14 U.S. regional
health plans. All study data were kept anonymous to safeguard
patient confidentiality; researchers only accessed a limited
dataset, which was devoid of individual patient identifiers, in
compliance with relevant provisions of the Health Insurance
Portability and Accountability Act (HIPAA). This observational
study, conducted under the research exception provisions of
the HIPAA Privacy Rule 45 CFR 164.514(e), was granted an
exemption from institutional review board review.

Study Population

New users of warfarin, dabigatran, apixaban, or rivaroxaban
were identified from pharmacy claims. The index date was
defined as the earliest prescription fill date of a comparator
anticoagulant during the intake period (November 1, 2010,
through February 28, 2015). Continuous health plan eligibility
for 6 months was required before the index date. Patients were
considered to be new users if they had no prescriptions for any
anticoagulant in the 6-month period preceding their index
dates. We identified patients with NVAF by the presence of >2
medical claims (inpatient, emergency department, and outpa-
tient) with International Classification of Diseases, Ninth Revision,
Clinical Modification ICD-9-CM) code 427.31 in the 6-month
period before the index date. Patients with a diagnosis of car-
diac valve disorders or valve replacement, hyperthyroidism,
deep vein thrombosis, pulmonary embolism, kidney trans-
plant, dialysis, or hyperthrombotic conditions were excluded
(Figure 1). We followed each patient from the index date until a
switch to a comparator anticoagulant, discontinuation of index
anticoagulant (more than 45 days after 30-day prescription
fill), health plan disenrollment, death, or end of study period,
whichever occurred first.

Outcomes and Covariates

The primary outcome was time to the first major
bleeding event leading to hospitalization. We identified major
bleeding by an inpatient stay with a primary diagnosis of
extracranial hemorrhage or any diagnosis of intracranial hem-
orrhage using previously validated algorithms.'”*> The use of
inpatient ICD 9-CM codes to identify major bleeding has been
shown to have a positive predictive value between 89%-98%.*
In addition, we examined the risk of major gastrointestinal and
intracranial bleeding separately.

The type of anticoagulant exposure was our
predictor variable of interest. We controlled for confounding
ue to age; sex; geographic region of residence; comorbidi
due to ag geograph g f resid bidity

burden by Deyo-Charlson Comorbidity Index??; stroke risk
by CHA,DS,-VASc score (1 point each, except where noted,
for history of congestive heart failure, hypertension, diabetes
mellitus, previous stroke or transient ischemic attack or throm-
boembolism [2 points], vascular disease, sex category, and age
65 to 74 years (age >75 is 2 points)**; bleeding risk by modi-
fied HAS-BLED concomitant score (1 point each for hyperten-
sion, abnormal liver function, abnormal renal function, stroke,
bleed history, elderly [>65 years], drugs, e.g., antiplatelet or
nonsteroidal anti-inflammatory drugs [NSAIDs] and alcohol
use/abuse, if documented as diagnosis on medical claim, labile
international normalized ratios [INR] not included, since these
data were not available for all patients)”; history of chronic
kidney disease; coronary artery disease; peripheral vascular
disease; cancer; dyslipidemia; pericarditis; dementia; gait
abnormalities; dizziness; diabetic and alcoholic neuropathy;
esophageal varices; major trauma; coagulation defect fac-
tors; bleeding; and hospitalization before treatment initiation.
We also assessed the use of antiplatelet agents, amiodarone,
dronedarone, and any other antiarrhythmics, diuretics, vaso-
pressors, steroids, progestin, estrogen, proton pump inhibitors
(PPIs), NSAIDs, and COX-2 inhibitors in the baseline period
(Appendix A, available in online article).

Statistical Analysis

Cox proportional hazards regression models with propensity
score weighting were used to compare event rates by the type
of anticoagulant exposure.?®*” In survival models, propensity
score weighting has the advantage of greater bias reduction rel-
ative to stratification on propensity scores or covariate adjust-
ment with propensity scores and outperforms matching on
the propensity scores in terms of precision (provides estimates
with lower mean squared error when estimating the effect of
treatment in the treated).*

The analysis was conducted in 2 stages. First, we estimated
the probabilities of receiving each anticoagulant, including
the previously mentioned covariates as predictors using a
generalized logit model.?”?° Each patient received 4 predicted
probabilities for each anticoagulant. We used the inverse of the
probability of the treatment a patient actually received as pro-
pensity score weights. To reduce the variance of the resulting
weights, we multiplied the weights by the marginal probability
of being treated with the anticoagulant received. To assess
the degree of overlap (i.e., whether each patient had a positive
probability of receiving each anticoagulant under comparison),
we compared the distribution of estimated propensity scores
and weights of each treatment regardless of the treatment actu-
ally received, using separate box plots. We assessed balance in
the distribution of baseline characteristics using a maximum
absolute standardized difference (MASD) threshold of 0.10 for
all possible pairs of treatment groups @.e., 6 in all). An MASD
of 0.10 or less indicates negligible difference between measured
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Bleeding Outcomes, Entire Cohort and Subgroups, and NOACs Versus Warfarin, After Propensity
Score Weighting

Dabigatran vs. Warfarin Apixaban vs. Warfarin Rivaroxaban vs. Warfarin
Favors Favors Favors Favors Favors Favors
Outcome dabigatran warfarin apixaban warfarin rivaroxaban  warfarin
. . 0.67 0.52 1.00
P EEEETE 6 5 qye) + (0.41-0.67) i (0.89-1.12) +
. . 047 0.83 0.74
Intracranial bleeding 035-065 B (0.52-1.34) i (0.54-1.00) ——
. . 1.17 0.82 1.00
Major GI bleeding (1.04-1.32) —+ (0.63-1.06) — (0.87-1.16) i
Subgroups (major bleeding events)
History of bleeding
0.65 0.56 1.00 ‘
Mo (0.57-0.74) + 0.43-0.74) : (0.88-1.14) +
0.79 0.38 1.01 ‘
Yes (0.62-1.01) i ©020-072 ¥ (0.79-1.30) ';
Age, years
0.37 0.35 B 0.70 B
<65 (0.26-0.53) + (0.18-0.68) (0.51-0.95)
0.55 3 0.65 3 0.97 3
65-74 (0.43-0.72) (0.41-1.02) (0.71-1.23)
0.83 0.55 1.16
=75 (0.72-0.96) + (0.39-0.77) i (1.00-1.34) i
HAS-BLED scoreP
0.57 0.50 0.86
<3 (0.48-0.68) + 035-072 (0.72-1.02) -+
0.78 0.54 1.13
=3 (0.66-0.91) + (0.38-0.77) i (0.97-1.32) i
Hypertension
0.59 B 0.44 B 0.96 I;
No (0.47-0.74) (0.27-0.72) (0.78-1.19)
0.71 0.56 1.01
Yes (0.62-0.82) &+ (0.42-0.74) i (0.88-1.16) +
Diabetes mellitus
0.70 0.52 B 0.95 I
No (0.61-0.81) + (0.38-0.71) (0.82-1.10) :
0.62 0.53 1.09
Yes (0.50-0.77) ++ ©035-08) A (0.90-1.32) -4
Heart failure
0.57 0.51 B 0.94
No (0.49-0.67) + (0.37-0.71) (0.81-1.10) +
0.85 0.54 1.11
Yes (0.71-1.01) i (0.37-0.81) i (0.92-1.33) -
CHA,DS,-VASc score¢
0.37 B P 0.55 N 0.33 B P
0 (0.14-1.03) (0.11-2.80) i 4 (0.09-1.19)
0.39 0.23 1.04
—— - —
1 (0.21-0.72) (0.05-0.98)d (0.66-1.64) k
0.71 0.55 1.02 :
22 (0.63-0.80) l (042-0.71) i (0.91-1.15) +
CKD 3 or worse
0.66 0.545 3 0.96 ‘
No (0.58-0.76) + (0.41-0.71) (0.84-1.09) +
0.75 0.45 1.28
Yes (0.56-1.01) i (0.23-0.87) i (0.98-1.69) i
0‘.0 olvz 0‘4 0‘.6 0‘.8 10 1‘.2 1‘.4 1‘.6 1|v8 0‘.0 o‘vz 0‘.4 0‘.6 olvs 10 1‘.2 1‘.4 1'6 l‘.8 o‘vo 0‘.2 0‘.4 0|,6 o‘vs 10 1‘.2 1'4 l‘.6 1‘.8
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Bleeding Outcomes, Entire Cohort and Subgroups, and NOACs Versus Warfarin, After Propensity

Score Weighting (continued)

Dabigatran vs. Warfarin Apixaban vs. Warfarin Rivaroxaban vs. Warfarin
Favors Favors Favors Favors Favors Favors
Outcome dabigatran  warfarin apixaban warfarin rivaroxaban  warfarin
Subgroups (major bleeding events)
NSAIDs
0.67 0.55 B 0.99 ;
No (0.59-0.76) + (0.42-0.71) (0.88-1.12) +
0.75 — 0.29 B 1.12 — B
Yes (0.50-1.11) (0.90-0.87)4 (0.77-1.63)
Platelet aggragation inhibitors
0.64 0.51 3 0.93 L
Mo (0.56-0.73) + (0.38-0.67) (0.81-1.06) +
0.85 0.56 1.27
ves (0.65-1.10) . (0.32-0.98) ' (0.99-1.63) .
LT T T T T

[T T 11 NP
00 02 04 06 08 10 12 14 16 18

R T T
0.0 02 04 0.6 08 10 12 14 1.6 18 00 02 04 06 08 1.0 1.2 14 16 18

aMajor bleeding events were a composite of intracranial, GI, and other bleeding events. For intracranial events, 1 inpatient/emergency room admission with diagnosis code
in any position on the claim; for other major bleeding events, primary diagnosis code was required.

bModified HAS-BLED score=1 point each for hypertension, abnormal liver function, abnormal renal function, stroke, bleed history, elderly (age > 65 years), drugs (e.g.,
antiplatelet or NSAIDs), and alcohol use/abuse (if documented as diagnosis on medical claim). Labile INR not included, since these data were not available for all patients.
¢CHA,DS,-VASc score=1 point each (except where noted) for history of congestive heart failure, hypertension, age > 75 years (2 points), diabetes mellitus, previous stroke
or TIA or thromboembolism (2 points), vascular disease, sex category and age 65-74 years.

dNot statistically significant after adjustment for multiple comparisons.

CKD = chronic kidney disease; GI = gastrointestinal; INR =international normalized ratio; NOAC =non-vitamin K oral anticoagulant; NSAID =nonsteroidal

anti-inflammatory drug; TIA = transient ischemic attack.

covariates, although some methodologists would consider 0.20
or less adequate.?’

Second, event rates were compared between treatment
groups using Cox models with inverse probability of treatment
weighting (i.e., 6 pairwise comparisons for the 3 NOACs vs.
warfarin [reference] and among the 3 NOACs). Proportional
hazard assumptions were visually assessed and tested using
the product term of drug exposure and time.

After propensity score weighting, we achieved balance on
all the measured covariates, as evidenced by MASD <0.1, with
the exception of PPT use (MASD =0.23). Therefore, we included
this covariate in all Cox models.

Sensitivity Analysis
We examined treatment effects in prespecified subgroups and
for the secondary outcome by repeating the analytic steps
previously described (Figures 2 and 3). The robustness of our
findings was assessed using several sensitivity analyses. First,
to account for the potential bias from differential censoring,
we conducted an intention-to-treat analysis in which patients
were censored only at end of enrollment or death, compared
with the “as-treated” approach used in the primary analysis.
Second, because multiple comorbid illnesses adversely affect
anticoagulation control, we excluded individuals with 7 or
more comorbid illnesses.

We controlled for multiplicity by adjusting the P values
of the hazard ratios (HRs) for the primary outcome and

subgroups using Benjamini-Hochberg false discovery rates.
Statistical analyses were conducted with SAS software version
9.4 (SAS Institute, Cary, NC).

Results

Cohort Characteristics

A total of 44,057 NVAF patients initiated anticoagulation
with warfarin (n=23,431), dabigatran (n=8,539), apixaban
(n=3,689), or rivaroxaban (n=8,398; Figure 1). Before pro-
pensity score weighting, warfarin users were older than
dabigatran, apixaban, and rivaroxaban users (mean age: 73 vs.
66 vs. 69 vs. 67 years). The warfarin cohort had the highest
proportion of women (warfarin vs. dabigatran vs. apixaban
vs. rivaroxaban: 43.5% vs. 34.5% vs. 40.9% vs. 38.9%). Mean
CHA,DS,-VASc and HAS-BLED scores were significantly
higher in warfarin users at baseline (warfarin vs. dabigatran
vs. apixaban vs. rivaroxaban: 3.7 vs. 2.7 vs. 3.2 vs. 2.9 and 2.3
vs. 1.8 vs. 2.1 vs. 1.9, respectively). Balance was achieved on all
baseline characteristics across the treatment groups except the
use of PPIs (Table 1).

Bleeding Risk

Major bleeding events numbered 2,337 during 36,636.2 per-
son-years of follow-up (1,729 warfarin vs. 245 apixaban vs. 62
dabigatran vs. 301 rivaroxaban; Table 2). The number of events,
person-years at risk, and crude event rates for all the subgroups
are shown in Appendix B (available in online article).
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Bleeding Events, Entire Cohort and Subgroups, Among NOACs, After Propensity
Score Weighting

Dabigatran vs. Apixaban Dabigatran vs. Rivaroxaban Apixaban vs. Rivaroxaban
Favors Favors Favors Favors Favors Favors
Outcome dabigatran apixaban dabigatran rivaroxaban apixaban rivaroxaban
Major bleeding events? L.20 —[— ey -1 Vo2 -+
J 8 (0.99-1.69) (0.58-0.78) (0.40-0.68)
. ) 0.57 0.54 1.13
Intracranial bleeding ©033.008 B ©043.006p ¥ (0.66-1.93) —t
. . 143 1.17 0.82
Major GI bleeding (1.09-1.88) i (0.99-1.38) i ©06-l08 ¥
Subgroups (major bleeding events)
History of bleeding
1.15 0.65 0.56
Mo (0.86-1.54) i 0ss-0rn ¥ 04075 T
2.07 0.38 1.01
_H L
Yes (1.07-4.00)b (0.20-0.72) i ©079-130) ¥
Age, years
1.04 ;I 0.53 0.51
<65 (0.50-2.16) (0.43-0.82) i (0.25-1.02) i
0.85 0.57 0.67
05-74 (0.52-1.40) — (0.41-0.78) + (0.41-1.08) —
1.52 0.72 047
=75 (1.06-2.18) i (0.60-0.87) + ©033-068 T
HAS-BLED score¢
1.10 0.70 0.58
<3 (0.80-1.70) — ©050-080 ¥ ©040-085) ¥
144 0.69 048
23 (0.99-2.08) —— ©0s57-089 ¥ ©033-060 W
Hypertension
1.35 0.61 0.45
No (0.79-2.30) i (0.26-0.81) + 0.27-0.77) i
1.28 0.70 0.55
Yes (0.94-1.74) —4 ©0s9-089 F 040075 ¥
Diabetes mellitus
1.36 0.74 0.55
Mo (0.98-1.89) i 062089 T ©039-076) T
1.17 0.57 0.49
Yes (0.73-1.85) —4 044079 T ©031-076) ¥
Heart failure
1.12 g 0.61 0.54
No (0.79-1.59) (0.50-0.74) ¥ (0.38-0.76) +
1.56 0.77 049
Yes (1.03-2.37)b i (0.61-0.96) + (0.32-0.75) i
CHA,DS,-VASc scored
0.68 1.13 i 1.66
. A | §
0 ©11-430 ¥ > | 024527 t ? | 0.23-12.10) i »
1.70 R 0.37 3 022 g
! (0.36-8.04) i 7| (0.19-0.75) (0.05-0.98)p
1.29 0.69 0.54
=2 (0.98-1.70) i 05008y T 04070 F
CKD 3 or worse
1.24 iy 0.69 0.56
No (0.92-1.65) (0.59-0.82) ¥ (0.42-0.75) +
1.67 0.59 0.35
S p—— 4—
Yes (0.83-3.35) (0.41-0.84) + (0.18-0.70)
0‘.0 1.0 2‘.0 3‘.0 0‘.0 1.0 2‘0 3‘.0 OlvO 1.0 2‘.0 3‘0
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Score Weighting (continued)

Bleeding Events, Entire Cohort and Subgroups, Among NOACs, After Propensity

Dabigatran vs. Apixaban Dabigatran vs. Rivaroxaban Apixaban vs. Rivaroxaban
Favors Favors Favors Favors Favors Favors
Outcome dabigatran apixaban dabigatran rivaroxaban apixaban rivaroxaban
Subgroups (major bleeding events)
NSAIDs
1.22 B 0.68 B} 0.55 'R
No (0.93-1.61) (0.58-0.79) (0.42-0.73)
2.62 _ - 0.67 — 0.26 B
Yes (0.82-8.35) (0.41-1.08) (0.08-0.81)
Platelet aggragation inhibitors
125 | 0.69 0.55
No (0.93-1.69) ' ©s8-08) ¥ onory T
1.52 _ 0.67 0.44
Yes (0.84-2.76) . 049-00) X 024079 ¥
O‘.O 10 2‘.0 3‘.0 o‘.o 10 z‘.o 3‘.0 ol.o 1.0 z‘.o 3‘.0

aMajor bleeding events were a composite of intracranial, GI, and other bleeding events. For intracranial events 1 inpatient/emergency room admission with diagnosis code
in any position on the claim; for other major bleeding events, primary diagnosis was required.

bNot statistically significant after adjustment for multiple comparisons.

“Modified HAS-BLED score =1 point each for hypertension, abnormal liver function, abnormal renal function, stroke, bleed history, elderly (age > 65 years), drugs (e.g.,
antiplatelet or NSAIDs), and alcohol use/abuse (if documented as diagnosis on medical claim). Labile INR not included, since these data were not available for all patients.
dCHA,DS,-VASc score=1 point each (except where noted) for history of congestive heart failure, hypertension, age > 75 years (2 points), diabetes mellitus, previous stroke
or TIA or thromboembolism (2 points), vascular disease, sex category, and age 65-74 years.

CKD = chronic kidney disease; GI = gastrointestinal; INR =international normalized ratio; NOAC =non-vitamin K oral anticoagulant; NSAID =nonsteroidal

anti-inflammatory drug; TIA = transient ischemic attack.

Comparing the crude HRs for NOACs versus warfarin and
within NOAC comparisons after propensity score weighting,
dabigatran (HR=0.67, 95% confidence interval [CI]=0.60-
0.76) and apixaban users (HR=0.52, 95% CI=0.41-0.67) expe-
rienced fewer major bleeding events compared with warfarin
users. Major bleeding risk was similar between rivaroxaban
(HR=1.00, 95% CI=0.89-1.12) and warfarin users. While
dabigatran users had a significantly higher risk of major gas-
trointestinal bleeding (HR=1.17, 95% CI=1.04-1.32), they
experienced significantly fewer intracranial bleeding events
(HR=0.47, 95% CI=0.35-0.65), compared with warfarin.

Compared with rivaroxaban users, major bleeding risk
was 33% and 48% lower in dabigatran and apixaban users,
respectively (HR=0.67, 95% CI=0.58-0.78 and HR=0.52, 95%
CI=0.40-0.68; Figure 3). Relative to apixaban, dabigatran was
associated with a significantly higher risk of major gastrointes-
tinal bleeding (HR=1.43, 95% CI=1.09-1.88) but no difference
in overall major bleeding risk. Dabigatran and apixaban users
experienced fewer major bleeding events compared with war-
farin in almost all of the subgroups examined. No meaningful
differences in major bleeding risk exist between warfarin and
rivaroxaban users across the subgroups examined (Figure 2).

Across most subgroups of NOAC users that we examined,
there was no difference in major bleeding risk with dabigatran
and apixaban (Figure 3). However, rivaroxaban users were
more likely to experience major bleeding events compared with
dabigatran and apixaban (Figure 3).

We conducted sensitivity analyses and found that major
bleeding risk among the treatment groups did not considerably
change in magnitude or direction.

Discussion

In this retrospective cohort study of major bleeding risk with
anticoagulants for NVAF, we found that, compared with warfa-
rin, dabigatran and apixaban were associated with fewer major
bleeding events, which was consistent with the pivotal trials.””
The rates of major bleeding in this study (2.8%-6% per 100
patient-years), while significantly higher than the rates in the
pivotal trials, are consistent with recent reports from NOAC
registries and likely reflect the difference between a clinical
trial population and real-world patients.

The findings in this study are directionally consistent with
several recent observational studies that compared bleed-
ing rates associated with NOACs and warfarin and assessed
bleeding rates among the newer anticoaulants relative to
each other.811230 In their comparison of major bleeding
rates between 3 NOACs and warfarin, Yao et al. reported
lower risk for apixaban and dabigatran (apixaban: HR=0.45,
95% CI=0.34-0.59, P<0.001; dabigatran: HR=0.79, 95%
CI=0.67-0.94, P<0.01); however, rivaroxaban appeared to
have similar risk (HR=1.04, 95% CI=0.90-1.20, P=0.60) per
100 patient-years.'?
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Baseline Characteristics of Treatment Groups, After Propensity Score Weighting

Warfarin Dabigatran Apixaban Rivaroxaban Maximum

Characteristic (n=23431) (n=8,539) (n=3,689) (n=8,398) ASD2

Demographic, %

Age, years, mean (SD) 70 (12.2) 70 (12.3) 70 (12.6) 70 (12.3) 0.01
<65 334 33.9 333 339 0.01
65-74 27.0 259 26.5 26.5 0.02
>75 39.6 40.2 40.2 39.6 0.01

Female 40.9 41.1 40.5 41.3 0.01

Medicare Advantage 334 333 33.0 33.7 0.01

Residence, region
Missing 1.8 19 2.1 1.8 0.02
Northeast 18.8 18.7 18.9 18.7 0.01
Midwest 345 34.6 344 344 0.00
West 204 20.5 19.8 204 0.02
South 24.6 24.3 24.8 24.8 0.01

Clinical indicators/medication use at baseline, %

Deyo-Charlson comorbidity score, mean (SD) 44 Q.3) 44 Q2.3) 45 @.3) 44 Q.3) 0.01

HAS-BLED score,” mean (SD) 21 (14 21 (14 21 (14 21 (14 0.01

CHA,DS,-VASc score,© mean (SD) 33 (1.8 33 (1.9 33 (19 33 (1.9 0.01

Presence of 7 or more comorbiditiesd 9.5 10.0 9.6 9.9 0.01

Diabetes mellitus 284 28.5 294 28.3 0.02

Hypertension 59.8 60.5 60.0 60.0 0.01

Liver disease 4.7 4.5 4.6 4.7 0.01

Congestive heart failure 277 28.0 28.2 28.1 0.00

Chronic kidney disease 10.1 10.3 10.1 10.4 0.01

Cerebrovascular disease 15.9 16.2 15.6 16.2 0.02

Coronary heart disease 36.2 36.5 36.6 36.3 0.01

Peripheral vascular disease 19.9 20.1 19.8 20.1 0.01

History of bleeding 14.9 14.5 14.3 14.2 0.02

Helicobacter pylori infection 0.3 0.3 0.2 0.2 0.02

NSAID 9.8 9.5 9.7 9.9 0.01

Platelet aggregation inhibitors 10.4 10.4 10.5 10.6 0.00

Amiodarone 18.1 17.5 18.9 18.1 0.02

Proton pump inhibitors 34.0 35.0 24.6 28.7 0.23

aMaximum absolute standardized difference considering all pairwise treatment groups.

bModified HAS-BLED score=1 point each for hypertension, abnormal liver/renal function, stroke, bleed history, labile INR, elderly (aged > 65 years), drugs (e.g., antiplate-
let or NSAIDs), or alcohol excess/abuse. Labile INR was set to missing for all patients, since these data were not available for all patients.

¢CHA,DS,-VASc score=1 point each (except where noted) for history of congestive heart failure, hypertension, aged =75 years (2 points), diabetes mellitus, previous stroke
or TIA or thromboembolism (2 points), vascular disease, sex category, and aged 65-74 years.

dThe number of comorbidities was calculated as the sum of previous history of hypertension, diabetes mellitus, pericarditis, dizziness, Parkinson’s disease, liver disease,
dementia, gait abnormality, major trauma including fractures, anemia, coronary artery disease, cerebrovascular disease, congestive heart failure, peripheral vascular
disease, dyslipidemia, osteoporosis, osteoarthritis or rheumatoid arthritis, and any cancer.

INR=international normalized ratio; NSAID =nonsteroidal anti-inflammatory drug; SD =standard deviation; TIA = transient ischemic attack.

In an associated study that compared bleeding rates across
the newer NOACs, Noseworthy et al. reported that apixaban was
associated with less bleeding risk than dabigatran (HR=0.50,
95% CI=0.36-0.70, P<0.001) and rivaroxaban (HR=0.39, 95%
CI=0.28-0.54, P<0.001)."" Relative to dabigatran, rivaroxaban
was associated with increased bleeding risk (HR=1.30; 95%
CI=1.10-1.53, P<0.01)."! The study populations evaluated in the
Yao et al. and Noseworthy et al. studies most closely approxi-
mate the cohorts in our study and were similarly derived from
large databases of commercially insured NVAF patients initating

NOACs.!"*? Our findings regarding apixaban (i.e., it was associ-
ated with lower major bleeding risk compared with warfarin,
and among the NOACs evaluated, it appeared to be associated
with the lowest risk of major bleeding) are consistent with the
findings of these comparable and representative studies.

Also consistent with the results of these studies was our
finding that dabigatran appeared to present lower bleeding
risks than rivaroxaban and warfarin. We found that the risk
of major bleeding was significantly lower across all age cat-
egories with dabigatran relative to warfarin, differing from the
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Number of Events, Person-Years at Risk, and Crude Event Rates by Drug Exposure

Warfarin (n=23,431) Dabigatran (n=8,539) Apixaban (n=3,689) Rivaroxaban (n=8,398)

N PY Rate N PY Rate N PY Rate N PY Rate
Major bleeding 1,729 |28,739.6 6.0 245 8,775.3 2.8 62 1,893.5 33 301 6,003.10| 5.00
Median follow-up, days (IQR) 285 (80-714) 212 (68-572) 139 (62-271) 169 (63-382)
Major GI bleeding 649 [29,623.4 2.2 124 8,848.0 14 29 1,905.6 0.9 92 6,083.30| 1.50
Intracranial bleeding 338 29,959.0 1.1 37 8,878.1 04 14 1,907.0 0.7 46 6,104.61 0.75

GI=gastrointestinal; IQR=interquartile range; PY = person-years.

RE-LY trial,’ which reported a higher major bleeding risk rate
in patients aged 75 years or older, although the risk was not
significant.” While the overall risk of major bleeding, includ-
ing intracranial bleeding, was lower with dabigatran compared
with warfarin, this safety benefit was attenuated by a higher
risk of major gastrointestinal bleeding, a pattern of bleeding
first reported in the RE-LY trial and in recent observational
StudieS.S’H’aO’}l

Apixaban was associated with fewer major bleeds compared
with warfarin across the subgroups examined, which is con-
sistent with findings from the ARISTOLE trial. Although not
examined in this study, a recent reanalysis of ARISTOTLE data
suggested that apixaban has a lower risk of major bleeding
regardless of dosage adjustment in higher risk groups such as
the elderly and individuals with renal impairment.°

There were no differences in major bleeding risk between
rivaroxaban and warfarin in the entire cohort and subgroups,
which is consistent with the results of the ROCKET-AF trial
and several other recent observational studies.”!>2?33 The find-
ing of a persistently higher major bleeding risk with rivaroxa-
ban compared with apixaban across subgroups has important
implications for patients, providers, and payers and warrants
further investigation in randomized clinical trials.

A strength of this study lies in the assembling of a large new
user cohort, which allowed us to examine important subgroups
that had limited enrollment in the pivotal trials (e.g., elderly
individuals, aged >75 years, and patients with renal dysfunc-
tion). Also, the use of propensity score weighting enabled
excellent control of measured baseline differences, and several
sensitivity analyses were used to examine the robustness of
the findings.

Limitations

This study has some important limitations to consider. First,
although we systematically identified potential confounders
in estimating the propensity score weights, our assessment of
balance achieved between the treatment groups was limited to
the covariates measured. For example, other risk-modifying

exposures, such as over-the-counter products (e.g., aspirin,
NSAIDs, and PPIs), are not fully captured in administrative
claims data. Although there is no reason to believe such expo-
sure misclassification is differentially distributed between the
cohorts, residual and unmeasured confounding cannot be
excluded. It is also possible that residual confounding arising
from baseline differences such as age and other potential con-
founders may persist despite excellent statistical adjustments.

Second, because the risk of major bleeding is higher in the
early phase of anticoagulant therapy, the longer follow-up in
the warfarin cohort may disproportionately reflect the anti-
coagulation experience of patients who continue treatment
beyond the early phase of therapy.

Finally, we could not assess the quality of anticoagulation
in the warfarin arm or measure the magnitude of this possible
confounder. It is possible that patients who are likely to be
noncompliant are not selected for anticoagulation with warfa-
rin. Although this limitation is an important one to note, the
purpose of this study was to evaluate “real-world” outcomes,
so—given that real-world anticoagulation control may be sub-
optimal—the results of this study need not be misconstrued as
nonrepresentative.

Conclusions
The approval of NOAC medications in recent years provided

a promise of less complicated management of anticoagula-
tion compared with warfarin. However, many patients are
not treated because of concerns of major bleeding and limited
experience with NOACs. In patients treated with warfarin,
optimal anticoagulation control is often problematic. In part
because of these challenges, anticoagulation for stroke pro-
phylaxis is underused in patients with NVAF who would
otherwise benefit.>** The significantly lower risk of overall
major bleeding and major gastrointestinal bleeding observed
with apixaban in this study provides evidence of its safety as a
suitable warfarin alternative in NVAF patients in a real-world
setting, especially for those who have difficulty achieving and
maintaining optimal anticoagulation.
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N o SN0 ID RNy  Covariate Definitions

Covariate ‘ Definition Coding
Patient characteristics

Age Age in years Continuous

Male Male sex Dichotomous (yes/no)

Medicare supplemental

Enrollment in a private health insurance in addition to
Medicare

Dichotomous (yes/no)

Medicare Advantage

Managed health care — PPO or HMO

Dichotomous (yes/no)

Region of residence

Region of residence at index date

Categorical (Northeast, Midwest, West, South, missing)

Indexes

Comorbidity index

Deyo-Charlson Comorbidity Index

Interval (0-33)

CHA,DS,-VASc score

Congestive heart failure, hypertension, age > 75 years, diabe-
tes mellitus, previous stroke or TIA or thromboembolism,

vascular disease, age 65-74 years, sex category (female gender)

(1 point each, 2 points for age >75 years and stroke for

a maximum of 9)

HAS-BLED score

Hypertension, abnormal liver/renal function, stroke, bleeding
history, labile INR, elderly (age >65), drugs (e.g., antiplatelet
or NSAIDs) or alcohol concomitantly (1 point each). Labile
INR set to missing for all patients

(1 point each for a maximum of 8)

Comorbid illnesses

Ischemic stroke

ICD-9-CM codes 433.01, 433.10 , 433.11, 433.21, 433.31,
433.81, 433.91, 434.00, 434.01, 434.11, 434.91, 436

Dichotomous (yes/no)

Hemorrhagic stroke

ICD 9-CM codes 430.x-432.x

Dichotomous (yes/no)

Transient ischemic attack

ICD-9-CM code 435.xx

Dichotomous (yes/no)

Renal insufficiency

ICD-9-CM codes 582.xx, 585.xx, 588.xx

Dichotomous (yes/no)

Myocardial infarction

ICD-9-CM code 410.xx

Dichotomous (yes/no)

Congestive heart failure

ICD-9-CM codes 402.01, 402.11, 402.91, 404.01, 404.03,
404.11, 404.13, 404.91, 404.93, 428.xx

Dichotomous (yes/no)

Cerebrovascular disease

ICD-9-CM codes 430.x-435.x

Coronary artery disease

ICD-9-CM codes 410.xx, 411.1x, 411.8x, 412 .xx, 413.xx,
414.0x, 414.2x, 414.3x

Dichotomous (yes/no)

Peripheral vascular disease

ICD-9-CM codes 433.xx, 437.0x, 437.1x, 440.xx, 443.xx

Dichotomous (yes/no)

Cancer

ICD-9-CM codes 140.xx-239.xx, V10.xx

Dichotomous (yes/no)

Osteoarthritis

ICD-9-CM codes 715.xx, 721.x

Dichotomous (yes/no)

Diabetes mellitus

ICD-9-CM codes 250.xx AND/OR use of oral glucose-lower-
ing medications (GPI starts with 27, except 2710 and 2730)

Dichotomous (yes/no)

Hypertension ICD-9-CM codes 401.xx, 402.xx, 403.xx, 404.xx Dichotomous (yes/no)
Dyslipidemia ICD-9-CM code 272.xx OR GPI starts with 39 Dichotomous (yes/no)
Pericarditis ICD-9-CM code 420.xx Dichotomous (yes/no)
Hyperthyroidism ICD-9-CM codes 242.0x-242.9x Dichotomous (yes/no)

Coagulation defect factors

ICD-9-CM codes 286.1x, 286.3x, 286.5x, 285.5x, 286.5x,
286.4x, 286.4x, 286.3x, 286.5%, 286.5x%, 287.4x, 287.5%,
287.8x, 270.4x

Dichotomous (yes/no)

Dementia

ICD-9-CM codes 290.xx, 294.xx, 330.xx, 331.xx

Dichotomous (yes/no)

Parkinson’s disease

ICD-9-CM code 332.xx

Dichotomous (yes/no)

Gait abnormality

ICD-9-CM codes 334.xx, 781.2x

Dichotomous (yes/no)

Dizziness

ICD-9-CM codes 458.0 x, 780.4 x

Dichotomous (yes/no)

Diabetic and alcoholic neuropathy

ICD-9-CM codes 357.2x and/or 357.5x

Dichotomous (yes/no)

Esophageal varices

ICD-9-CM codes 456.0x-456.2x

Dichotomous (yes/no)

Major trauma

ICD-9-CM codes 806.xx, 808.xx, 809.xx, 820.xx, 821.xx,
822.xx, 823.xx, 824.xx, 825.xx, 826.xx, 827.xx, 828.xx,
829.xx, 835.xx, 843.xx, 901.1x, 901.2x, 901.3x, 901.83,
902.0x, 902.1x, 902.5x, 902.51, 902.52, 902.53, 902.54,
902.59, 902.87, 903.0x, 903.1x, 904.0x, 904.1x, 904.2x,
904.4x, 904.5x, 924.xx, 928.xx, 942 .xx, 943 .xx, 945.xX,
952 .xx, 959.6x, 959.7x, 897.xx, 820.xx-929.xx

Dichotomous (yes/no)

Pre-index medications

Antiarrhymics Any pharmacy claim Dichotomous (yes/no)
Amiodarone Any pharmacy claim Dichotomous (yes/no)
Diuretics Any pharmacy claim Dichotomous (yes/no)
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L N ey Covariate Definitions (continued)

Covariate

Definition

Coding

Pre-index medications

Vasopressors Any pharmacy claim Dichotomous (yes/no)
Antihyperlipidemics Any pharmacy claim Dichotomous (yes/no)
NSAIDs Any pharmacy claim Dichotomous (yes/no)

COX-2 inhibitors

Any pharmacy claim

Dichotomous (yes/no)

Platelet aggregation inhibitors

Any pharmacy claim

Dichotomous (yes/no)

Anti-inflammatory agents

Any pharmacy claim

Dichotomous (yes/no)

Proton pump inhibitor

Any pharmacy claim

Dichotomous (yes/no)

Stroke

ICD-9-CM codes for ischemic (433.01, 433.10, 433.11, 433.21,
433.31, 433.81, 433.91, 434.00, 434.01, 434.11 , 434.91, 436)
or hemorrhagic stroke (430.x-432 x)

Dichotomous (yes/no)

Arterial embolism and thrombosis

ICD-9-CM codes for 444.xx

Dichotomous (yes/no)

Venous thromboembolism (VTE)

Inpatient or emergency department ICD-9-CM codes for deep
venous thromboembolism (451.1x, 451.2x, 451.81, 451.83,
451.84, 451.9x, 453.1x, 453.2x, 453.4x, 453.5x, 453.6x,
453.7x, 453.8x, 453.9x, 997.2x) or pulmonary embolism
(415.1x)

Dichotomous (yes/no)

Major bleeding

ICD-9-CM codes 423.0x, 430.xx, 431xx, 432xx, 852.0x,
852.2x, 852.4%, 853.0x, 455.2, 455.5, 455.8, 456.0, 456.20,
459.0%, 530.7x, 530.82, 531.00, 531.01, 531.20, 531.21,
531.40, 531.41, 531.60, 531.61, 533.01, 533.20, 533.21,
533.40, 53341, 533.60, 533.61, 534.00, 534.01, 534.20,
534.21, 53440, 534.41, 534.60, 534.61, 535.11, 535.21,
535.31, 53541, 535.51, 535.61, 537.83, 562.02, 562.03,
562.12, 562.13, 568.81, 569.3, 569.85, 578, 578.0, 578.1,
578.9, 593.81, 599.7, 719.10, 719.11, 719.12, 719.13, 719.14,
719.15, 719.16, 719.17, 719.18, 719.19, 784.7, 784.8x, 786.3x

1 inpatient claim with ICD-9-CM diagnosis codes 430.xx,
431.xx, 432.xx, 852.0x, 852.2x, 852.4x, 853.0x in any posi-
tion of the claim and the remaining ICD-9-CM codes in the
primary position (primary diagnosis) of the claim

Dichotomous (yes/no)

Exclusions

ICD-9-CM codes 394.0x , 394.1x, 394.2x, 394.9x, 396.xx,
V43.3x, 295.2x, V42.2x, 238 4x, 238.71, 283.2x, 289.81,
289.91, 5855, 5856,

Dichotomous (yes/no)

Kidney transplant

ICD-9-CM codes V42.0x, 996.81 or ICD-9-CM procedure
codes 55.6x or CPT codes 50340, 50360, 50365, 50370,
50380

Chronic dialysis

ICD-9-CM codes 792.5x, V56.2x or ICD-9-CM procedure
codes 39.95, 54.98 or CPT codes 90935, 90937, 90945,
90947, 99512, 99601, 99602

CPT=Current Procedural Terminology; GPI=Generic Product Identifier; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification;

INR =international normalized ratio; NSAID =nonsteroidal anti-inflammatory drug; TIA =transient ischemic attack.
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Number of Events, Person-Years at Risk, and Crude Event Rates of Major Bleeding Events

Major Bleeding Warfarin Dabigatran Apixaban Rivaroxaban
Subgroups N ‘ PYs ‘ Rate N ‘ PYs ‘ Rate N ‘ PYs ‘ Rate N ‘ PYs ‘ Rate
History of bleeding

No 1,328 | 24,1113 5.51 195 7,817.1 249 51 1,635.3 3.12 243 5,315.1 4.57
Yes 401 4,628.3 8.66 50 958.2 522 11 258.2 4.26 11 258.2 4.26
Age categories, years

<65 195 5,273.5 3.70 44 3,659.2 1.20 11 716.2 1.54 62 24233 2.56
65-74 433 84774 5.11 59 2,421.8 2.44 18 485.3 3.71 80 1,678.5 4.77
=75 1,101 | 14,988.7 7.35 142 2,094.3 5.27 33 692.0 4.77 159 1,901.3 8.36
Hypertension

No 550 |11,334.2 4.85 73 3,665.8 1.99 14 652.3 2.15 85 2,338.3 3.64
Yes 1,179 | 174054 6.77 172 5,109.6 3.37 48 1,241.2 3.87 216 3,664.8 5.89
Diabetes mellitus

No 1,133 | 19,764.9 5.73 181 6,538.3 2.77 42 1,413.5 2.97 204 4,436.6 4.60
Yes 596 8,974.7 6.64 64 2,237.0 2.86 20 480.0 4.17 97 1,566.5 6.19
Heart failure

No 1,041 20,1722 5.16 154 6,866.3 2.24 40 1,455.4 2.75 196 4,091.4 4.18
Yes 688 8,5674 8.03 91 1,909.0 4.77 22 438.1 5.02 105 1,311.6 8.01
CHA,DS,-VASc score?

0 19 799.1 2.38 7 734.9 0.95 2 109.8 1.82 4 404.2 0.99
1 67 2,042.0 3.28 16 1,370.3 1.17 3 271.0 111 29 931.1 3.11
22 1,643 25,8975 6.34 222 6,670.2 3.33 57 1,512.6 3.77 268 4,6067.7 5.74
Previous stroke or TIA

No 1,443 [25,308.7 5.70 208 7,933.0 2.62 48 1,680.1 2.86 250 5,375.5 4.65
Yes 286 3,431.0 8.34 37 842.3 4.39 14 2134 6.56 51 627.6 8.13
CKD 3 or worse

No 1420 | 257175 5.52 222 8,348.5 2.66 53 1,728.2 3.07 259 5,685.3 4.56
Yes 309 3,022.1 10.2 23 426.8 5.39 9 165.2 545 42 317.8 13.2
HAS-BLED scoreb

<3 840 |17,993.0 4.67 124 | 6,384.9 1.94 29 1,262.0 2.30 145 4,212.5 3.44
>3 889 | 10,746.6 8.27 121 2,390.4 5.06 33 631.4 523 156 1,790.6 8.71
NSAID

No 1,601 | 26416.9 6.06 218 7,846.6 2.78 58 1,687.6 344 206 5,325.5 4.99
Yes 128 2,322.7 55.1 27 928.8 291 4 205.8 1.94 35 677.6 5.17
Platelet aggregation inhibitors

No 1,467 ]26,066.5 5.63 197 7,914.2 2.49 49 1,662.2 2.95 240 5,374.0 4.47
Yes 202 2673.1 9.80 48 861.1 5.57 13 231.3 5.62 61 629.1 9.70

4CHA,DS,-VASc score=1 point each (except where noted) for history of congestive heart failure, hypertension, age =75 years (2 points), diabetes mellitus, previous stroke
or TIA or thromboembolism (2 points), vascular disease, sex category, and age 65-74 years.

bModified HAS-BLED =1 point each for hypertension, abnormal liver function, abnormal renal function, stroke, bleed history, elderly (age > 65 years), drugs (e.g.,
antiplatelet or NSAIDs), and alcohol use/abuse (if documented as diagnosis on medical claim). Labile INR not included, since these data were not available for all patients.
CKD=chronic kidney disease; INR=international normalized ratio; NSAID = nonsteroidal anti-inflammatory drug; PY = person-years; TIA = transient ischemic attack.
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