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Abstract

Background Current evidence suggests that rivaroxaban may be well tolerated and effective in patients with nonvalvular
atrial fibrillation (NVAF) and obesity; however, there is limited evidence on the impact of polypharmacy in this population.
This study evaluated real-world clinical outcomes with rivaroxaban versus warfarin in patients with NVAF and obesity
according to the number of concurrent medications.

Methods This retrospective cohort study identified patients with one or more pharmacy claim for rivaroxaban or war-
farin from two large claims databases. Patients were required to have an atrial fibrillation diagnosis, body mass index
> 30 kg/m? and the presence of polypharmacy (1-4, 5-9, or > 10 concurrent medications). Outcomes of stroke, systemic embo-
lism, and major bleeding were compared between the rivaroxaban and warfarin cohorts after propensity score matching (PSM).
Results A total of 95,875 patients were identified with one or more claim for either rivaroxaban or warfarin. After PSM,
patient characteristics were balanced between cohorts (n = 21,547 in each cohort). The overall composite risk of stroke and
systemic embolism was significantly lower in the rivaroxaban cohort compared with the warfarin cohort (hazard ratio [HR]
0.77, 95% confidence interval [CI] 0.70-0.84; p < 0.001). The risks of ischemic stroke, hemorrhagic stroke, and systemic
embolism separately were also significantly reduced with rivaroxaban. Major bleeding risk was similar between cohorts (HR
0.93,95% CI 0.81-1.06; p = 0.2842), and results were consistent across the three polypharmacy groups.

Conclusions In this real-world study of NVAF patients with obesity, rivaroxaban was associated with lower risks of stroke
and systemic embolism and similar risk of major bleeding versus warfarin across polypharmacy categories.

1 Introduction

Atrial fibrillation (AF) is a common cardiac arrhythmia
that predominately affects older adults (mean age > 70
years) [1]. The risk of stroke is increased fivefold in
patients with nonvalvular AF (NVAF), and strokes are
more likely to be severe in NVAF patients [2]. Obesity is

Among nonvalvular atrial fibrillation patients with
obesity and polypharmacy, the risk of stroke/systemic
embolism was significantly lower with rivaroxaban
versus warfarin, with similar major bleeding risk.

The risks of ischemic stroke, hemorrhagic stroke, and a worsening public health crisis associated with serious
systemic embolism separately were significantly lower health consequences, challenges for healthcare providers,
with rivaroxaban versus warfarin. and substantial economic burden [3-5]. The prevalence of

adult obesity in the US was estimated at 42% in 2017-2018

Results were consistent across the three polypharmacy and may approach 50% by 2030 [6-8]. In addition to other

groups. health problems, obesity is associated with a higher risk
of developing NVAF [9, 10] and thrombotic events [1, 11,

12]. In obese patients who develop NVAF, the condition

54 Mark J. Alberts is both severe and more persistent [13]. Obese patients are
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that require concomitant use of multiple medications (i.e.,
polypharmacy) [14, 15]. Polypharmacy is a concern for
obese patients with NVAF as additional medications may
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lead to poor treatment adherence or drug—drug interactions
that reduce efficacy, thereby increasing the risk of adverse
clinical outcomes and mortality [16, 17].

Direct oral anticoagulants (DOACs) are recommended
as the standard of care to treat and prevent thromboembolic
events in patients with NVAF [18]. In 2016, the International
Society of Thrombosis and Haemostasis recommended
standard dosing of DOACS in patients with a body mass
index (BMI) of 40 kg/m2 or less, but did not recommend
use of DOACs in morbidly obese patients (BMI > 40 kg/m?)
due to limited clinical evidence in this population [12]. Sub-
sequently, a number of studies have evaluated the use of
DOAG:S in patients with morbid obesity (defined as body
weight > 120 kg or BMI > 40 kg/m?), and two system-
atic reviews suggest that the benefit-risk profile of DOACs,
particularly rivaroxaban and apixaban, are preserved in this
population [19, 20]. Rivaroxaban, an oral direct factor Xa
inhibitor, was approved for the prevention of stroke and sys-
temic embolism in patients with NVAF in November 2011
based on data from the ROCKET-AF trial [21, 22]. Of note,
more than two-thirds of patients in the ROCKET-AF trial
were on five or more concurrent medications in addition
to their anticoagulant therapy; a subgroup analysis of the
trial found no difference in the risk of outcomes between
rivaroxaban and warfarin, except for bleeding, based on the
number of concurrent medications [16]. Several real-world
studies have also examined the effectiveness of rivaroxa-
ban in NVAF patients, separately in patients with obesity
[23-27] and patients with polypharmacy [28, 29]. In general,
rivaroxaban treatment was associated with a reduced risk
of stroke-related outcomes compared with warfarin, with
similar effects on bleeding in these separate populations.

Due to the high likelihood of the presence of both obesity
and polypharmacy in NVAF patients, this study evaluated
the real-world effectiveness and safety of rivaroxaban com-
pared with warfarin in a population of NVAF patients with
both obesity and polypharmacy. The primary objectives of
the study were to compare the risk of stroke (ischemic or
hemorrhagic) or systemic embolism and the risk of major
bleeding overall among NVAF patients with obesity and
one or more concurrent medications, and by polypharmacy
groups (i.e., 1-4, 5-9, and >10 concurrent medications).
The secondary objective was to evaluate and compare the
persistence and adherence to the index treatment.

2 Methods
2.1 Data Sources
Two large claims databases were combined for these analy-

ses: IBM MarketScan Commercial Claims and Encounters
(CCAE) and IBM MarketScan Medicare Supplemental
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(MDCR). CCAE is a fully adjudicated paid medical and
pharmacy insurance claims database of approximately
138 million unique de-identified persons, including active
employees, early retirees, COBRA continuers, and their
dependents insured by employer-sponsored plans. CCAE
includes inpatient admission records, outpatient services,
prescription drugs, enrollment statuses, and costs of medi-
cal services and drugs. MDCR is an administrative health
claims database for Medicare-eligible active and retired
employees and their Medicare-eligible dependents from
employer-sponsored supplemental plans. MDCR captures
person-specific clinical utilization, cost, and enrollment
across inpatient, outpatient, prescription drug, and carve-
out services.

2.2 Study Design

This retrospective cohort study identified NVAF patients
with obesity and polypharmacy initiating rivaroxaban or
warfarin treatment between 1 December 2011 and 1 March
2020 (Fig. 1).

2.3 Patients

Patients newly treated with rivaroxaban or warfarin were
identified from the database based on having one or more
pharmacy claims for rivaroxaban or warfarin during the
identification period, with the first claim defined as the
index date; > 12 months of continuous medical and phar-
macy benefit enrollment prior to and on the index date;
and one or more medical claims with a diagnosis of AF
(International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM] code 427.31 and Inter-
national Classification of Diseases, Tenth Revision, Clini-
cal Modification [ICD-10-CM] codes 148.0%-148.2%,
148.91%) during the 12-month period prior to or on the
index date. Patients were also required to be > 18 years
of age and have obesity (defined as BMI > 30 kg/m?),
which was determined based on a proprietary validated
BMI interpolation algorithm [30]. The algorithm adopted
a novel automated weighted prediction approach (Super
Learner algorithm), which leveraged the predictions from
four different machine learning algorithms (Catboost, ran-
dom forest, least absolute shrinkage and selection opera-
tor [LASSO] regression, and artificial neural networks)
through logistic regression. Features included diagnoses,
procedures, and medication use during the 12-month base-
line period and patient demographics.

The algorithm was trained in the Optum Clinformatics
Date of Death (Optum DOD) database and validated both
internally in the Optum DOD and externally in the IBM
CCAE database based on assessments of area under the
receiver operating characteristic curve (ROC AUC), F1
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Fig.1 Study design. The identification period was from 1 December
2011 to 1 March 2020. The index event was the first pharmacy dis-
pensing for rivaroxaban or warfarin during the identification period,
while the index date was the first claim date for the initiation of rivar-
oxaban or warfarin. The baseline period was a 12-month period with

score, accuracy, negative predictive value, specificity, pos-
itive predictive value or precision, and sensitivity or recall.
The predictive models to determine BMI classifications
using claims data were based on the patient’s baseline pro-
file [30]. If patients had a baseline BMI diagnosis code,
then model 1 was applied; however, for patients without a
BMI diagnosis code, model 2 was applied. Model 1 had a
ROC AUC of approximately 88% for predicting BMI clas-
sifications of > 30, > 35, and > 40 kg/mz, and accuracy
and specificity ranged from 88 to 93% and 92 to 95%,
respectively. For model 2, ROC AUC was 73%, and accu-
racy and specificity ranged from 74 to 80% and 72 to 86%,
respectively.

The presence of polypharmacy was based on the num-
ber of concurrent medications used in addition to rivar-
oxaban or warfarin on the index date. Concurrent use was
determined by the date of the prescription, days’ sup-
ply, and a grace period of 14 days. Different pharmacy
prescriptions were identified by unique generic product
identifier codes at an 8-digit level (or 10-digit level for
fixed-dose combinations). Polypharmacy status was cat-
egorized as 1-4, 5-9, and > 10 concurrent medications on
the index date [16].

Patients were excluded if they had a diagnosis code for
stroke, systemic embolism, or major bleeding within 30
days prior to the index date; pharmacy claims for two or
more oral anticoagulant medications on the index date; or
one or more pharmacy claims for an oral anticoagulant at
any time prior to the index date. Patients with evidence of
another indication for anticoagulation (e.g., acute venous
thromboembolism, prophylaxis after hip/knee replacement
surgery) during the baseline period were excluded. Patients
with a diagnosis code for mitral stenosis or a diagnosis or
procedure code for a mechanical heart valve procedure at
any time prior to the index date were excluded. Patients
with no pharmacy claims for other concurrent medications
in addition to rivaroxaban or warfarin were also excluded.

continuous health plan enrollment prior to the index date. Criteria for
inclusion in the 12-month baseline period could be met at any time
during this period. BMI body mass index, NVAF nonvalvular atrial
fibrillation, SE systemic embolism

2.4 Outcomes

Stroke and systemic embolism were defined as a hospitali-
zation or emergency room visit with a primary diagnosis
of stroke (ischemic or hemorrhagic) or systemic embo-
lism (ischemic stroke: ICD-9-CM: 433.01, 433.11, 433.21,
433.31, 433.81, 433.91, 434.01, 434.11, 434.91, 436.%;
ICD-10-CM: 163.%; hemorrhagic stroke: ICD-9-CM: 430.%,
431.%, 432.9; ICD-10-CM: 160.%, 161.%, 162.%; systemic
embolism: ICD-9-CM: 444.01, 444.09, 444.1, 444.21,
444.22,444.81, 444.89, 444.9; ICD-10-CM: 174.%). Stroke
and systemic embolism were analyzed using an intent-to-
treat approach (i.e., the earliest of the first stroke/systemic
embolism event, health plan disenrollment, or latest data
availability) and were first measured as a composite endpoint
and then measured as separate components.

Major bleeding was identified during the follow-up period
using a validated claims-based algorithm developed by Cun-
ningham et al. [31]. Hemorrhagic stroke is included in the
definition of a major bleeding event. Major bleeding was
analyzed using an as-treated approach (i.e., the earliest of the
first major bleeding event, index treatment discontinuation,
switching to or adding another anticoagulant, health plan
disenrollment, or latest data availability).

Persistence and adherence to the index treatment were
defined as the time-to-first discontinuation and the propor-
tion of days covered (PDC) during the follow-up period,
respectively. Discontinuation was defined as no subsequent
dispensing of the index medication prior to the end of the
60-day maximum permissible gap of a dispensing (i.e., days
elapsed between the last date of days’ supply of a dispens-
ing and the subsequent dispensing of the same medication).
PDC is the ratio of the number of days covered by the index
medication prescription dispensed during the follow-up
period divided by the number of days of the entire follow-
up period. PDC values range from 0.01 to 1.00, with higher
values suggesting higher compliance.
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2.5 Statistical Analysis

Propensity score matching (PSM) was used to reduce poten-
tial bias and create more comparable cohorts of rivaroxaban
and warfarin users based on baseline characteristics. A logis-
tic regression model was used to predict the propensity of
receiving rivaroxaban with consideration of the following
potential confounders: age; sex; geographic region; health
plan type; insurance type; index year; polypharmacy status
(1-4, 5-9, and > 10); BMI status (BMI 30.0-34.9 kg/m2,
35.0-39.9 kg/m?, and > 40 kg/m?); Quan-Charlson comor-
bidity index (QCI) [32]; CHA,DS,-VASc score [33]; HAS-
BLED score [34]; cancer diagnosis, gastric bypass surgery,
and cardiovascular procedures during the 12-month baseline
period; baseline occurrence or use of non-oral anticoagu-
lants, antihyperlipidemics, antihypertensives, or antiplate-
let agents [31]; and all-cause baseline healthcare resource
utilization and costs. Rivaroxaban users were matched 1:1
with warfarin users using PSM without replacement using
calipers of width equal to 20% of the standard deviation
(SD) of the logit of the propensity score.

Demographics and baseline characteristics for each treat-
ment cohort were summarized with descriptive statistics; dif-
ferences in baseline characteristics were assessed using stand-
ardized differences, with a difference of < 10% considered a
negligible imbalance. The outcomes of stroke, systemic embo-
lism, and major bleeding were compared between propensity
score—matched treatment cohorts; these outcomes were not
compared in the unmatched groups due to expected bias from
confounding factors that would prevent our ability to draw con-
clusions about the data. Stroke and bleeding outcomes were
analyzed as time-to-event; if no events are observed, patients
were censored at the end of the follow-up.

Cox proportional hazards models were used to calculate haz-
ard ratios (HRs), 95% confidence intervals (CIs), and p-values
[35]; Kaplan—Meier curves were also generated. Comparative
analyses were performed overall, by polypharmacy groups
(14, 5-9, and > 10 concurrent medications) and BMI cat-
egories (30.0-34.9 kg/m?, 35.0-39.9 kg/m?, and > 40 kg/m?).
Sensitivity analyses were conducted to evaluate the robustness
of the findings: (1) intent-to-treat analyses were repeated using
an as-treated approach, and (2) obesity status was identified by
using obesity ICD-9-CM and ICD-10-CM diagnosis codes dur-
ing the baseline period rather than using the BMI interpolation
algorithm (Electronic Supplementary Table 1).

3 Results
3.1 Patient Characteristics

Of the 95,875 patients who met all eligibility criteria, 33,191
patients were treated with rivaroxaban and 62,684 patients
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were treated with warfarin (Fig. 2). Prior to matching, rivar-
oxaban patients were younger than warfarin patients and had
lower QCI, CHA,DS,-VASc, and HAS-BLED scores. After
1:1 PSM, 21,547 matched pairs were generated that were
balanced (i.e., standardized differences < 10%) between
cohorts for demographics, baseline clinical characteristics,
and comorbid conditions (Table 1).

3.2 Outcomes

In the overall population, the composite risk of stroke and
systemic embolism was significantly lower in the rivaroxa-
ban cohort compared with the warfarin cohort over a mean
follow-up time of 25 months (4.3% vs. 5.6%; HR 0.77, 95% CI
0.70-0.84; p < 0.001) (Figs. 3 and 4). Rivaroxaban was also
associated with a significantly lower risk of ischemic stroke,
hemorrhagic stroke, and systemic embolism versus warfarin.
The risk of major bleeding was not significantly different in the
rivaroxaban cohort versus warfarin cohort over a mean follow-
up time of 12 and 11 months, respectively (2.0% vs. 2.0%; HR
0.93,95% CI1 0.81-1.06; p = 0.2842) (Figs. 3 and 4).

Consistent with the overall population, the risk of the
composite outcome of stroke and systemic embolism and
ischemic stroke alone was lower with rivaroxaban compared
with warfarin across polypharmacy subgroups (Fig. 3). No
difference in the risk of major bleeding was seen across poly-
pharmacy groups with rivaroxaban compared with warfarin.

In a subgroup analysis by baseline BMI category, the risk
of the composite outcome of stroke and systemic embolism,
ischemic stroke, hemorrhagic stroke, and systemic embolism
was lower in the rivaroxaban cohort compared with the war-
farin cohort regardless of baseline BMI category (30.0-34.9
kg/m?, 35.0-39.9 kg/m?, and > 40 kg/m?) [Fig. 5]. The
risk of major bleeding was not different between treatment
cohorts across BMI categories, although the risk was bor-
derline significantly lower in the rivaroxaban cohort versus
the warfarin cohort for patients whose BMI was > 40 kg/m>.

Results from a sensitivity analysis using an as-treated
approach for the effectiveness outcomes were consistent with
the intent-to-treat analyses, with significantly lower risks of
the composite outcome of stroke/systemic embolism, ischemic
stroke, hemorrhagic stroke, and systemic embolism in the
rivaroxaban cohort compared with the warfarin cohort (Elec-
tronic Supplementary Table 2). Sensitivity analyses based on
the classification of BMI using diagnosis codes were generally
consistent with findings from the primary analysis (Electronic
Supplementary Tables 3 and 4).

3.3 Persistence and Adherence

The mean time to index treatment discontinuation was 12.4
months and 11.3 months for the rivaroxaban and warfarin
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Fig. 2 Patient attrition. AF atrial Include patients with = 1 pharmacy claim of either warfarin or rivaroxaban during the
fibrillation, BMI body mass intake period

index, DVT deep vein throm- N = 1,074,443

bosis, ER emergency room,

GPI generic product identifier,

HCPCS healthcare common Include patients = 18 years of age on the index date

procedure coding system, n =1,072,122 (99.8%)

ICD-9-CM International Clas-

sification of Diseases, Ninth - . . . .
Revision, Clinical Modification, Include patients who had continuous medical and pharmacy benefit enrollment during the

ICD-10-CM International Clas- baseline period (12 months before the index date), allowing gaps up to 32 days

sification of Diseases, Tenth n = 681,048 (63.5%)

Revision, Clinical Modification,

PE pulmonary embolism Include patients with = 1 medical claim with ICD-9-CM or ICD-10-CM diagnosis code(s)
for AF during the baseline period and/or on the index date
n = 270,146 (39.7%)

Include patients with BMI = 30 kg/m? as predicted using the validated machine learning
BMI prediction tool using baseline claims
n = 127,725 (47.3%)

Include patients with = 1 concurrent medication besides rivaroxaban or warfarin on the
index date
n = 121,105 (94.8%)

Exclude patients with both rivaroxaban and warfarin pharmacy claims on the index date
n = 121,086 (100%)

Exclude patients with = 1 medical claim with GPI code(s) for any of the oral anticoagulants
during the baseline period and on the index date
n=111,897 (92.4%)

Exclude patients with = 1 knee or hip replacement code during the baseline period
n = 107,700 (96.2%)

Exclude patients with = 1 DVT/PE code during the baseline period
n = 101,839 (94.6%)

Exclude patients with = 1 medical claim with ICD-9-CM or ICD-10-CM diagnosis code(s)
for mitral stenosis during the baseline period
n=98,171 (96.4%)

Exclude patients with = 1 medical claim with HCPCS code(s) for
mechanical heart valve procedure during the baseline period
n = 97,846 (99.7%)

Exclude patients with = 1 hospitalization or ER visit with a primary diagnosis for
stroke/systemic embolism in 30 days prior to the index date
n = 96,003 (98.1%)

Exclude patients with = 1 medical claim with any major bleeding events
in the 30 days prior to the index date
n = 95,875 (99.9%)
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Table 1 Demographic and baseline clinical characteristics

Characteristic Before matching After matching
Rivaroxaban Warfarin Std Rivaroxaban Warfarin Std.
difference difference
[n=33,191] [n=62,684] (%) [n=21,547] [n=21,547] (%)
Age, years [mean (SD)] 62.97 (10.3) 67.72 (10.3) 46.0 65.14 (10.2) 65.28 (10.4) 1.3
Sex
Male 21,872 (65.9) 39,110 (62.4) 7.3 13,801 (64.1) 13,772 (63.9) 0.3
Female 11,319 (34.1) 23,574 (37.6) 7.3 7746 (36.0) 7775 (36.1) 0.3
Health insurance type
CCAE 21,089 (63.5) 26,326 (42.0) 442 11,515 (53.4) 11,442 (53.1) 0.7
MDCR 12,102 (36.5) 36,358 (58.0) 442 10,032 (46.6) 10,105 (46.9) 0.7
Baseline clinical characteristics
QCI score [mean (SD)] 1.51 (1.94) 2.03 (2.12) 26.0 1.75 (2.07) 1.84 (2.06) 4.1
CHA,DS,-VASc score 2.64 (1.79) 3.42(1.91) 0.4 3.00 (1.88) 3.07 (1.84) 4.1
[mean (SD)]
HAS-BLED score [mean (SD)]  2.18 (1.37) 2.44 (1.47) 0.2 2.33(1.43) 2.38 (1.46) 32
BMI category
30.0-34.9 kg/m> 16,340 (49.2) 32,865 (52.4) 6.4 10,926 (50.7) 10,909 (50.7) 0.2
35.0-39.9 kg/m> 5156 (15.5) 9378 (15.0) 1.6 3169 (14.7) 3159 (14.7) 0.1
> 40.0 kg/m> 11,695 (35.2) 20,441 (32.6) 5.5 7452 (34.6) 7479 (34.7) 0.3
Common comorbid conditions”
Hypertension 28,370 (85.5) 51,146 (81.6) 10.5 18,417 (85.5) 18,047 (83.8) 4.8
Hyperlipidemia 21,418 (64.5) 37,960 (60.6) 8.2 13,922 (64.6) 13,425 (62.3) 4.8
Mild diabetes 13,517 (40.7) 31,778 (50.7) 20.1 9703 (45.0) 10,008 (46.4) 2.8
Osteoarthritis 8303 (25.0) 16,382 (26.1) 2.6 5726 (26.6) 5472 (25.4) 2.7
Chronic pulmonary disease 8240 (24.8) 18,839 (30.1) 11.7 5982 (27.8) 6117 (28.4) 1.4
Cancer 7865 (23.7) 19,306 (30.8) 16.0 6246 (29.0) 6195 (28.8) 0.5
Congestive heart failure 7410 (22.3) 21,613 (34.5) 27.2 5849 (27.1) 6407 (29.7) 5.7
Thyroid disease 6395 (19.3) 11,691 (18.7) 1.6 4353 (20.2) 4013 (18.6) 4.0
Coronary artery disease 5366 (16.2) 10,179 (16.2) 0.2 3493 (16.2) 4010 (18.6) 6.3
COPD 4488 (13.5) 12,173 (19.4) 16.0 3524 (16.4) 3774 (17.5) 3.1
Chronic diabetes 4371 (13.2) 12,440 (19.8) 18.1 3412 (15.8) 3622 (16.8) 2.6
Anemia 4225 (12.7) 12,564 (20.0) 19.9 4210 (19.5) 4319 (20.0) 1.3
Cerebrovascular disease 3962 (11.9) 11,350 (18.1) 17.3 3175 (14.7) 3428 (15.9) 33
Chronic kidney disease 3224 (9.7) 12,277 (19.6) 28.2 2845 (13.2) 3255 (15.1) 5.5
Peripheral vascular disease 4134 (12.5) 11,265 (18.0) 15.4 3268 (15.2) 3460 (16.1) 2.5
Baseline concomitant drug use
Non-oral anticoagulant 3735 (11.3) 7974 (12.7) 4.5 2469 (11.5) 2611 (12.1) 2.0
Antihyperlipidemics 2478 (7.5) 7721 (12.3) 16.3 1966 (9.1) 2187 (10.1) 35
Antihypertensives 30,259 (91.2) 59,387 (94.7) 14.0 19,859 (92.2) 19,921 (92.5) 1.1
Antiplatelet agents 3640 (11.0) 6480 (10.3) 2.0 2611 (12.1) 2699 (12.5) 1.2
All-cause HRU, counts
[mean (SD)]
Inpatient hospitalization 1.0 (1.7) 1.4 (2.9) 16.0 1.1 (2.0) 1.2 (2.2) 3.9
ER visit 0.4 (0.9) 0.4 (0.9) 4.0 0.4 (0.9) 0.4 (0.9) 0.8
Office visit 10.5 (8.4) 14.3 (11.8) 37.0 11.4(9.2) 11.9 9.1) 5.2
Outpatient visit 51.7 (54.6) 70.9 (92.2) 25.0 55.8 (60.7) 59.2 (63.4) 5.6
Pharmacy fill 37.4(28.2) 49.6 (32.4) 40.0 40.6 (30.0) 42.1 (28.7) 53
SNF/long-term care 1279 (3.9) 4002 (6.4) 11.5 1024 (4.8) 1116 (5.2) 2.0
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Table 1 (continued)

Characteristic Before matching After matching
Rivaroxaban Warfarin Std Rivaroxaban Warfarin Std.
difference difference
[n = 33,191] [n = 62,684] %) [n = 21,547] [n=21,547] (%)
All-cause baseline costs, US$
[mean (SD)]
Inpatient cost 18,234.6 (50,446.7) 25,723.8 (72,441.7) 12 22,805.5 (57,615.0) 28,469.8 (75,651.6) 8.4
ER cost 703.3 (2393.3) 608.0 (2290.5) 4 663.6 (2266.2) 644.3 (2511.5) 0.8
Office visit cost 1286.6 (1207.8) 1557.4 (2081.6) 16 1373.7 (1267.0) 1403.9 (1600.3) 2.1
Outpatient cost 10,454.6 (24,923.7) 13,112.3 (47,570.4) 7 10,778.4 (26,091.9) 12,364.2 (42,685.9) 4.5
Pharmacy cost 5051.9 (12,120.3)  5661.9 (11,293.0) 5 5159.1 (10,664.6)  5649.7 (13,182.6) 4.1
SNF cost 122.3 (1496.0) 330.9 (2599.6) 10 179.3 (1839.7) 226.4 (2275.9) 2.3

Data are expressed as n (%) unless otherwise specified

BMI body mass index, CCAE IBM MarketScan Commercial Claims and Encounters database, COPD chronic obstructive pulmonary disease,
ER emergency room, HRU healthcare resource utilization, MDCR IBM MarketScan Medicare Supplemental database, QCI Quan—Charlson
comorbidity index, Std standardized, SD standard deviation, SNF skilled nursing facility

Std difference < 10% was considered a negligible imbalance

> 15% in any treatment cohort before matching

a. Composite of stroke and systemic embolism b. Ischemic stroke
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c. Hemorrhagic stroke
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Fig.3 Kaplan—Meier curves of clinical outcomes with rivaroxaban versus warfarin in the overall population

cohorts, respectively (p < 0.0001). The mean (SD) PDC at
discontinuation was 0.94 (0.09) in the rivaroxaban cohort
versus 0.92 (0.11) in the warfarin cohort. The mean PDC
during the entire follow-up period was 0.61 (0.36) versus
0.60 (0.33) in the rivaroxaban versus warfarin cohorts,
respectively. At the time of index treatment discontinuation,

more rivaroxaban patients achieved > 80% of days covered
versus warfarin patients (92.4% vs. 86.2%; p < 0.0001).
Throughout the entire follow-up period, a higher proportion
of patients receiving rivaroxaban achieved > 80% of days
covered versus those receiving warfarin (46.6% vs. 38.1%;
p < 0.0001).
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Participants with an event, n/N (%)

Rivaroxaban

Warfarin

Hazard ratio (95% ClI)

Composite of stroke and systemic embolism

Overall

Polypharmacy 1-4
Polypharmacy 5-9
Polypharmacy = 10

Ischemic stroke
Overall
Polypharmacy 1-4
Polypharmacy 5-9
Polypharmacy = 10

Hemorrhagic stroke
Overall
Polypharmacy 1-4
Polypharmacy 5-9
Polypharmacy = 10

Systemic embolism
Overall
Polypharmacy 1-4
Polypharmacy 5-9
Polypharmacy = 10

Major bleeding
Overall
Polypharmacy 1-4
Polypharmacy 5-9
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276/8481 (3.3%)
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221/3507 (6.3%)

298/21,547 (1.4%)
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132/9475 (1.4%)
66/3507 (1.9%)
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31/3507 (0.9%)
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Fig.4 Risk of clinical outcomes with rivaroxaban and warfarin overall and by polypharmacy subgroups. CI confidence interval

4 Discussion

The results of this real-world analysis showed that among
NVAF patients with obesity and polypharmacy, those receiv-
ing rivaroxaban had a lower risk of stroke and systemic
embolism compared with warfarin overall and regardless
of polypharmacy or BMI category. Lower rates of ischemic
stroke, hemorrhagic stroke, and systemic embolism were
observed with rivaroxaban versus warfarin overall and in
several of the polypharmacy and BMI subgroups; however,
statistical significance was not achieved in all polyphar-
macy and BMI subgroups due to sample size. Numerical
trends were generally noted in all groups with similar HRs,
but statistical significance was achieved in the subgroups
with larger sample sizes or where a larger number of events
occurred. The risk of major bleeding was not significantly
different between rivaroxaban and warfarin overall or across
polypharmacy categories. Persistence and adherence to treat-
ment with rivaroxaban were higher than those of warfarin.
The current analysis did not evaluate drug—drug interactions
between the anticoagulants and other drugs. Drug—drug
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interactions are not captured in claims data and would only
be identified from clinician notes.

These findings are consistent with previous analyses
of clinical trial and real-world data. The ROCKET-AF
trial population had moderate-to-high polypharmacy (5-9
medications), which was similar in our study (64% vs. 60%)
[16]. In a subgroup analysis of the ROCKET-AF trial, Pic-
cini et al. examined the risk of stroke and bleeding events
between rivaroxaban and warfarin according to the number
of concurrent medications (0—4, 5-9, and > 10). Across all
polypharmacy groups, stroke or non-CNS embolism events
were numerically higher in the warfarin group, whereas
major bleeding was similar and intracranial hemorrhage
was less frequent in the rivaroxaban versus warfarin group.
A separate post hoc analysis of the ROCKET-AF trial found
lower rates of stroke and systemic embolism in overweight
and obese patients compared with normal weight patients
with both rivaroxaban and warfarin, and bleeding rates were
similar across all weight groups [36].

Real-world evidence studies have demonstrated the effec-
tiveness and safety of rivaroxaban in NVAF patients with
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Participants with an event, n/N (%)

Rivaroxaban

Warfarin

Hazard ratio (95% CI)

Composite of stroke and systemic embolism
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Fig.5 Risk of clinical outcomes with rivaroxaban and warfarin in the BMI subgroups. BMI body mass index, CI confidence interval

obesity [23-27]. Using two US healthcare claims databases,
the composite risk of stroke and systemic embolism and
the risk of major bleeding were not significantly different
between rivaroxaban and warfarin in patients with morbid
obesity [23]. Electronic health record data for NVAF patients
with obesity found a reduced risk of stroke and systemic
embolism as well as major bleeding for rivaroxaban versus
warfarin, with no significant interaction across BMI catego-
ries of 30 to < 35 kg/m?, > 35 to < 40 kg/m?, and > 40
kg/m? [25]. In a retrospective cohort study of patients with
BMI > 40 kg/m? or weight > 120 kg from two academic
medical centers, the composite endpoint of clinical failure
of anticoagulation (venous thromboembolism recurrence,
stroke incidence, or mortality) trended lower with rivaroxa-
ban versus warfarin but was not statistically significant (5%
vs. 13%; p = 0.06) [24]. A single-center, retrospective chart
review found similar efficacy and safety for rivaroxaban and
warfarin among morbidly obese patients (BMI > 40 kg/m?)
[26]. Lastly, a US commercial claims retrospective analy-
sis found 26% lower risk of stroke and systemic embolism
among NVAF obese patients prescribed rivaroxaban, with
similar major bleeding compared with warfarin at 36 months
follow-up [27].

Separate real-world evidence studies have also evalu-
ated the effectiveness and safety of rivaroxaban in NVAF

patients with polypharmacy [28, 29]. An analysis of Medi-
care patients with low, moderate, or high polypharmacy (i.e.,
< 3, 4-8, > 9 other prescription medications, respectively)
found similar risk of ischemic stroke, bleeding, and death
with rivaroxaban compared with warfarin [28]. Another ret-
rospective study by Martinez et al. [29] evaluated the safety
and effectiveness of rivaroxaban and warfarin among polyp-
harmacy users (> 5 or > 10 medications). In the > 5 medica-
tion analysis, rivaroxaban was associated with a lower risk
of stroke/systemic embolism and ischemic stroke alone with
similar major bleeding compared with warfarin, whereas no
significant differences were found in the > 10 medications
analysis, likely due to being underpowered given the smaller
sample size [29].

Approximately 29% of patients in this analysis had a can-
cer diagnosis at baseline, which may or may not have been
active disease. This proportion of patients with cancer is
consistent with the proportion of patients with AF and a
history of cancer in the ORBIT-AF registry (23.8%) [37].
Patients in the ORBIT-AF registry who had cancer carried
a higher burden of cardiovascular disease risk factors and
disease but were similarly treated with antithrombotics and
antiplatelet therapies as their counterparts without cancer.
No differences were observed in the risks of strokes/non-
CNS embolism, cardiovascular death, and heart failure
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between AF patients with and without a history of cancer,
although the former were characterized by a higher risk of
major bleeding and non-cardiovascular death. We did not
define the cancer population as a separate subgroup for this
analysis because they may not have been active diagnoses
and requiring two active diagnoses would have reduced the
sample size. Chronic kidney disease (CKD) was identified in
14% of patients based on diagnostic codes. Laboratory data
were not available to determine glomerular filtration rate.
Similar to the cancer population, we did not evaluate particu-
lar subpopulations beyond those with obesity and polyphar-
macy. However, in the ORBIT-AF registry, 39% of patients
had an estimated creatinine clearance of < 60 mL/min
and these patients received fewer arrhythmia treatments,
while those with advanced CKD were less likely to receive
oral anticoagulants [38]. Our study may have had a lower
proportion of patients with CKD compared with the registry
because we focused on the obese population, which tended
to be younger and have higher median creatinine clearance
versus normal weight and overweight patients in the registry
[39].

Our geographically diverse claims database analysis pro-
vided results that are generalizable to both commercially
insured and Medicare supplemental beneficiaries across the
US. Using 12 months of continuous health plan enrollment
allowed better understanding of patient characteristics and
longitudinal evaluation of outcomes, and selection biases
were reduced by using PSM techniques.

Our study has several limitations worth mentioning. This
analysis was limited to the defined subgroups by BMI and
polypharmacy. Further subdivisions of these subgroups
would have reduced sample sizes and decreased the power
to identify significant findings. The use of administrative
claims data is subject to potential coding errors and incon-
sistencies. BMI was not available directly from the claims
data and was therefore identified using a validated machine
learning algorithm, which may misclassify patients. How-
ever, a sensitivity analysis using diagnosis codes for obesity
showed consistent results with those obtained using the BMI
algorithm. Time in the therapeutic international normalized
ratio range for warfarin patients was not assessed due to a
lack of complete laboratory data in these claims databases.
Results are limited to the patient population included in this
study and may not be generalizable to the broader popula-
tions (e.g., Medicaid, uninsured, other countries). Prescrip-
tion claims do not indicate that the medication was taken as
prescribed, and over-the-counter medication use and medi-
cation samples may not be captured in claims data. In addi-
tion, there was no assessment of adherence to the baseline
medications such as antiplatelets and non-oral anticoagu-
lants. Residual confounding cannot be excluded even with
PSM due to potential unmeasured confounders.
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5 Conclusion

This study of real-world patients demonstrated that NVAF
patients with obesity and polypharmacy receiving rivaroxa-
ban had a significantly lower risk of stroke and systemic
embolism compared with those receiving warfarin, with
similar risks of major bleeding between cohorts in all poly-
pharmacy categories. Patients receiving rivaroxaban had a
significantly higher rate of treatment persistence and adher-
ence, supporting the use of rivaroxaban as an alternative to
warfarin in this population.
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