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ABSTRACT

Introduction: Nonvalvular atrial fibrillation
(NVAF) is associated with a substantial eco-
nomic burden, particularly in patients with
comorbid conditions. This study compared
healthcare resource utilization (HRU) and costs
of rivaroxaban and warfarin in patients with
NVAF, obesity, and diabetes.
Methods: A de-identified healthcare claims
database was used to identify adult patients
newly initiating rivaroxaban or warfarin and
having at least one medical claim with a diag-
nosis of AF, obesity determined by validated
algorithm, and at least one claim with a diag-
nosis of diabetes or for antidiabetic medication
from December 2011 to March 2020. Propensity
score matching was used to balance the treat-
ment cohorts on the basis of demographics and
baseline characteristics. All-cause and NVAF-re-
lated HRU rates and costs were compared

between treatments using rate ratios, and mean
cost differences were calculated on a per patient
per year (PPPY) basis.
Results: A total of 9999 matched pairs of
patients with NVAF, obesity, and diabetes were
identified in the rivaroxaban and warfarin
cohorts. Rate ratios of all-cause HRU were sig-
nificantly reduced with rivaroxaban versus
warfarin in all healthcare settings evaluated,
except emergency room visits. The greatest
impact was on physician office visits followed
by hospital outpatient and inpatient visits.
NVAF-related HRU was significantly lower for
rivaroxaban versus warfarin in all care settings.
Consistent with these findings, the length of
hospital stay was significantly reduced by
approximately 4 days among all patients for
both all-cause and NVAF-related hospitaliza-
tions in the rivaroxaban cohort compared with
the warfarin cohort. Rivaroxaban was associated
with reductions in all-cause total healthcare
costs by more than $5000 PPPY and NVAF-re-
lated medical costs by approximately $1100
PPPY.
Conclusion: In comparison with warfarin,
rivaroxaban reduced HRU and costs, particu-
larly hospital inpatient and outpatient visits
and physician office visits, in patients with
NVAF and comorbidities of obesity and
diabetes.
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PLAIN LANGUAGE SUMMARY

People who are overweight or obese are at risk of
developing atrial fibrillation (AF) along with
other medical conditions, such as diabetes.
Standard therapy with oral anticoagulants or
blood thinners is recommended to reduce the
risk of stroke and systemic embolism in patients
with nonvalvular AF (NVAF). In this study, we
evaluated healthcare insurance claims for peo-
ple with NVAF, obesity, and diabetes who star-
ted therapy with warfarin or rivaroxaban from
2011 to 2020 to compare the use and cost of
healthcare services, such as hospitalizations and
doctor visits, using diagnosis and procedure
codes. The study included nearly 20,000
patients with similar characteristics. Patients
who started treatment with rivaroxaban used
fewer healthcare services for any cause and for
those related to NVAF than those who started
treatment with warfarin. The difference in use
of services was largest for hospital outpatient
and inpatient visits and doctor office visits;
emergency room visits were only different for
those related to NVAF. Length of hospital stay
was also shorter for patients receiving rivarox-
aban versus those receiving warfarin. These
differences in healthcare service use translated
into lower costs associated with rivaroxaban
versus warfarin. The findings of this study sug-
gest that treatment with rivaroxaban reduces
the use of healthcare services compared with
warfarin. This difference may be related, in part,
to the reduced risks of stroke and systemic
embolism observed in other real-world studies
with rivaroxaban compared to warfarin. In
addition, rivaroxaban does not require routine
blood testing, which is required with warfarin
treatment.

Keywords: Nonvalvular atrial fibrillation;
Obesity; Diabetes mellitus; Anticoagulation;
Rivaroxaban; Warfarin; Real-world evidence;
Healthcare resource utilization; Costs

Key Summary Points

Why carry out this study?

The risk of nonvalvular atrial fibrillation
(NVAF) is increased among individuals
with obesity and diabetes.

Obesity is a worldwide public health crisis
that increases the risk of comorbidities and
contributes substantially to healthcare
expenditures.

What did the study ask?

This real-world study evaluated and
compared healthcare resource utilization
(HRU) and costs of rivaroxaban and
warfarin in patients with NVAF, obesity,
and diabetes.

What were the study outcomes?

All-cause HRU rate ratios were significantly
reduced with rivaroxaban versus warfarin
in all healthcare settings evaluated, except
emergency room visits.

NVAF-related HRU was significantly lower
for rivaroxaban versus warfarin in all
healthcare settings.

Rivaroxaban was associated with
reductions in all-cause and NVAF-related
costs.

What was learned from the study?

HRU and costs were lower with
rivaroxaban compared with warfarin in
patients with NVAF and concurrent
obesity and diabetes.

Treatment differences in HRU and costs
were mainly observed for hospital
inpatient and outpatient visits and
physician office visits, supporting the need
for fewer healthcare interactions during
rivaroxaban therapy compared with
warfarin therapy.
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INTRODUCTION

Atrial fibrillation (AF) is associated with sub-
stantial burden to patients, caregivers, and the
healthcare system, with increased risks of
stroke, heart failure, cognitive and mental
health problems, and death, which contribute
to an annual hospitalization rate of up to 40%
[1]. The incidence of chronic diseases, particu-
larly cardiovascular diseases and diabetes, is
increased in overweight or obese individuals [2].
Similarly, the risk of developing nonvalvular
atrial fibrillation (NVAF) and thrombotic events
is higher in obese individuals, and NVAF in
obese patients is associated with more severe
symptoms, more persistent AF, and poorer
outcomes [3–5]. Obesity is the leading risk fac-
tor for type 2 diabetes, and prevalence rates of
diabetes increase in parallel with rates of obesity
[6, 7]. Diabetes is also a well-established risk
factor for stroke among patients with AF [8].
The co-occurrence of diabetes and AF is associ-
ated with worsened symptoms of AF, an
increased risk of all-cause and cardiovascular
mortality, an increased risk of hospitalizations,
and excess morbidity [9, 10]. Patients with
obesity and diabetes have an increased risk of
AF [11–13].

Obesity and associated medical conditions
lead to substantial medical expenditures, which
are expected to increase with the increasing
prevalence of obesity worldwide [14–16]. The
global economic impact of obesity was esti-
mated at 2 trillion US dollars in 2014 [16]. A
recent study using the 2001–2016 Medical
Expenditure Panel Survey found that total
direct medical costs of obesity in US adults
doubled from 2001 ($124.2 billion) to 2016
($260.6 billion), and total annual medical
expenditures of obese adults ($5010) were dou-
ble those of people of normal weight ($2504)
[17]. Overweight and obese individuals have
increased utilization of primary and secondary
healthcare services compared with those of
normal body weight [2, 17, 18]. In addition,
obese individuals are prescribed nearly twice as
many medications and are nearly four times
more likely to be hospitalized compared with
nonobese individuals [2]. Obesity may also

increase societal costs associated with lost pro-
ductivity, disability, and mortality [16].

Oral anticoagulation therapy with a direct
oral anticoagulant (DOAC) is the standard of
care to prevent embolic events in patients with
NVAF [19]. Standard dosing of DOACs in
patients with body mass index (BMI) of
40 kg/m2 or less was recommended by the
International Society of Thrombosis and Hae-
mostasis in 2016; however, the use of DOACs in
morbidly obese patients (BMI[ 40 kg/m2) was
not recommended because of limited clinical
evidence [20]. A number of studies and three
systematic reviews have subsequently assessed
the use of DOACs in patients with morbid
obesity (body weight C 120 kg or BMI C 40 kg/
m2) and support the benefit–risk profile of
DOACs, particularly rivaroxaban and apixaban,
in this population [21–23]. Rivaroxaban, an oral
direct factor Xa inhibitor, was approved for the
prevention of stroke and systemic embolism in
patients with NVAF in November 2011 on the
basis of the ROCKET-AF trial [24, 25].

There is a need to understand the healthcare
resource utilization (HRU) and costs associated
with anticoagulation therapy in patients with
NVAF and common comorbidities. This study
evaluated the HRU and costs of rivaroxaban
compared with warfarin in patients with NVAF,
obesity, and diabetes.

METHODS

Study Design

This retrospective cohort study was conducted
from December 1, 2010 to March 1, 2020
(Fig. 1). The patient identification period began
on December 1, 2011, aligning with the
approval date of rivaroxaban in November
2011, and ended on March 1, 2020. The first
pharmacy dispensing for rivaroxaban or war-
farin during the patient identification period
was defined as the index date. The baseline
period was defined as a 12-month period with
continuous health plan enrollment prior to the
index date. This analysis was designed to eval-
uate and compare all-cause and NVAF-related
HRU and costs between rivaroxaban and
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warfarin among patients with NVAF, obesity,
and diabetes.

Data Sources

The outcomes in this study were assessed using
Optum’s de-identified Clinformatics� Data Mart
Database—Date of Death (DOD) database, an
adjudicated US administrative health claims
database. Members include people with private
health insurance, who are fully insured in
commercial plans or in administrative services
only, and Medicare Advantage (starting January
2006). Commercial claims patients
(age 0–65 years) make up the majority of the
population, with some Medicare patients (age
65–90 years) also included. The database
includes information from inpatient and out-
patient medical services, prescriptions as dis-
pensed, and outpatient laboratory tests
processed by large national vendors who par-
ticipate in data exchange with Optum.

Patients

Adult patients newly initiating rivaroxaban or
warfarin were identified from the database with
the following inclusion criteria: at least one
pharmacy claim for rivaroxaban or warfarin

(generic product identifier [GPI] code 83370060
and 83200030, respectively) during the patient
identification period; at least 12 months con-
tinuous medical and pharmacy benefit enroll-
ment prior to and on the index date; at least one
medical claim with a diagnosis of AF during the
12-month baseline period prior to or on the
index date (International Classification of Dis-
eases [ICD]-9 code 427.31 and ICD-10 codes
I48.0%–I48.2%, I48.91%); and at least 18 years
of age on the index date.

Patient height and weight data were not
available in the claims databases. Thus, the
presence of obesity, defined as BMI C 30 kg/m2,
was determined on the basis of a proprietary
validated BMI interpolation algorithm [26].
Using a novel automated weighted prediction
approach (Super Learner algorithm), the pre-
dictions from four different machine learning
algorithms (Catboost, random forest, least
absolute shrinkage, and selection operator
[LASSO] regression, and artificial neural net-
works) were leveraged through logistic regres-
sion. Features included diagnoses, procedures,
and medication uses during the 12-month
baseline period and patient demographics. The
Optum DOD database was used for training and
internally validating the algorithm. The IBM�

MarketScan� Commercial Claims and Encoun-
ters database was used for external validation

Fig. 1 Study design. BMI body mass index, HRU
healthcare resource utilization, NVAF nonvalvular atrial
fibrillation. The identification period was from Decem-
ber 1, 2011 to March 1, 2020. The index event was the
first pharmacy dispensing for rivaroxaban or warfarin
during the identification period. The index date was the
first claim date for rivaroxaban or warfarin. The baseline

period was a 12-month period with continuous health plan
enrollment prior to the index date, and criteria for
inclusion could be met at any time during this time.
Patients with stroke/systemic embolism or major bleeding
within 30 days prior to the index date were excluded from
the analysis

3170 Diabetes Ther (2021) 12:3167–3186



based on assessments of area under the receiver
operating characteristic curve (ROC AUC), F1
score, accuracy, negative predictive value,
specificity, positive predictive value or preci-
sion, and sensitivity or recall. Two predictive
models were developed: model 1 included the
selected features along with baseline BMI fea-
tures for patients who had historical BMI data
available (diagnosis codes are provided in
Table S1 of the supplementary material), and
model 2 included only the selected features and
was trained on patients who did not have
baseline BMI data. Internal validation of
model 1 yielded ROC AUC of 88%, with accu-
racy ranging from 88% to 93% and specificity
ranging from 92% to 95% for predicting BMI
classifications of C 30, C 35, and C 40 kg/m2.
Model 2 was internally validated with ROC AUC
of 73%, with accuracy ranging from 74% to 80%
and specificity ranging from 72% to 86% [26].

Patients were also required to have at least
one claim with a diagnosis of diabetes (ICD-9:
250.%; ICD-10: E10.%, E11.%, E13.%) or at least
one claim for antidiabetic medication (GPI code
27% Healthcare Common Procedure Coding
System codes J1815, J1817, E0784, S5550-S5571,
G9147, S9353) during the 12-month baseline
period prior to or on the index date.

Exclusion criteria included the following: a
hospitalization or emergency room (ER) visit
with a primary diagnosis code for stroke or
systemic embolism, or an event of major
bleeding defined by the Cunningham algorithm
[27] within 30 days prior to index date; phar-
macy claims for at least two oral anticoagulant
medications on the index date; and at least one
pharmacy claim for an oral anticoagulant at any
time prior to the index date (Table S2 in the
supplementary material). If patients had evi-
dence of another indication for anticoagulation
(i.e., acute venous thromboembolism, prophy-
laxis after hip/knee replacement surgery) during
the baseline period or 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, they were also
excluded from the analysis (Table S2).

Outcomes

All-cause and NVAF-related (i.e., associated with
a diagnosis code for NVAF in any position) HRU
were evaluated for the following settings: inpa-
tient hospitalization, including length of stay in
days; proportion of patients with 30-day
rehospitalization (all-cause hospitalization
only); ER visits; hospital outpatient visits;
physician office visits (primary and specialty
care); and skilled nursing facility (SNF) visits.
All-cause and NVAF-related medical costs were
evaluated as total medical costs for inpatient
hospitalization, ER visits, hospital outpatient
visits, physician office visits (primary and spe-
cialty care), and SNF visits. Total pharmacy costs
were evaluated for all-cause costs only. All-cause
total healthcare costs were defined as all-cause
medical costs plus all-cause pharmacy costs.
Two analyses of HRU and costs were conducted
on the basis of the duration of follow-up. The
first was an intent-to-treat analysis, including
data through the earliest of health plan disen-
rollment or latest data availability. A second
analysis (sensitivity analysis) followed an as-
treated approach, including data from treat-
ment initiation (index date) to treatment dis-
continuation, health plan disenrollment, or end
of study, whichever came first.

Statistical Analysis

The propensity of receiving rivaroxaban was
predicted using a logistic regression model with
potential confounders of age; gender; geo-
graphic region; health plan type; insurance
type; index year; baseline comorbidities and
comorbidity risk scores (i.e., Quan–Charlson
comorbidity index [QCI] [28], CHA2DS2-VASc
[29], and HAS-BLED [30]); baseline procedures
(gastric bypass surgery and cardiovascular pro-
cedures); baseline medication use (non-oral
anticoagulants, antihyperlipidemics, antihy-
pertensives, antiplatelet agents); and baseline
HRU and costs (Table S3 in the supplementary
material).

To reduce potential bias and create more
comparable cohorts based on baseline charac-
teristics, propensity score matching was used in
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which rivaroxaban users were matched 1:1 with
warfarin users without replacement on the logit
of the propensity score using calipers of width
equal to 20% of the standard deviation of the
logit of the propensity score [31]. To indicate
sufficient overlap and use of propensity score
matching, calculation of equipoise greater than
50% was used.

Descriptive statistics were used to summarize
demographics and baseline characteristics for
each treatment cohort. Standardized differences
in baseline characteristics of less than 10% were
considered a negligible imbalance. Rates of all-
cause and NVAF-related HRU and costs were
calculated as the number of events or costs
incurred over the follow-up period divided by
the patient-years of observation. HRU was
compared between treatment cohorts using rate
ratios, and mean cost differences per patient per
year (PPPY) between cohorts were calculated.
All costs were inflated to 2020 US dollars based
on the medical care component of the Con-
sumer Price Index. For both HRU and costs,
nonparametric bootstrap procedures were used
to estimate 95% confidence intervals and
P values.

Compliance with Ethics Guidelines

This study is based on de-identified data col-
lected from a healthcare claims database and
does not contain any experimental data with
human or animal participants; this analysis was
deemed exempt from institutional review board
oversight and informed consent was not
obtained as per guidance from the Office for
Human Research Protections [32].

RESULTS

Patient Characteristics

Among 258,475 adult patients who had at least
one claim for either rivaroxaban or warfarin, at
least one claim for AF, and at least 12 months of
continuous health plan enrollment, obesity
(BMI C 30 kg/m2) was identified in 103,342
(40.0%) patients using the BMI algorithm tool

(Table 1). Of these, 57,340 (55.5%) were identi-
fied as having diabetes. Exclusion criteria
removed 26,262 patients, leaving an analysis
population of 31,078 patients, of which 12,663
initiated rivaroxaban and 18,415 initiated war-
farin (Table 1).

Demographics and baseline clinical charac-
teristics before and after propensity score
matching are shown in Table 2. Rivaroxaban
patients were younger than warfarin patients
and had lower scores for QCI [28], CHA2DS2-
VASc [29], and HAS-BLED [30]. Baseline HRU
and costs were generally lower for rivaroxaban
compared with warfarin, except ER visits and
pharmacy fills. Matching provided 9999 pairs of
patients with AF, obesity, and diabetes that were
well balanced (Table 2). The mean (standard
deviation [SD]) follow-up time from index date
to the earlier of health plan disenrollment or
end of study was 2.3 (1.9) years for the
rivaroxaban cohort and 2.5 (2.0) years for the
warfarin cohort.

Outcomes

In the intent-to-treat analysis, rate ratios for all-
cause HRU were significantly lower in the
rivaroxaban cohort compared with the warfarin
cohort for all settings, except ER visits (Table 3).
The proportion of patients with 30-day rehos-
pitalization was significantly lower with
rivaroxaban versus warfarin (24% vs 26%; odds
ratio = 0.93; P = 0.0189). The mean (SD) length
of hospital stay was 16 (34) days for rivaroxaban
and 21 (41) days for warfarin for all patients
(P\0.0001) and 25 (40) days versus 31 (47)
days, respectively, for patients with at least one
hospitalization (P\0.0001).

Similar results were obtained for NVAF-
related HRU, with rate ratios significantly lower
in the rivaroxaban cohort versus the warfarin
cohort for inpatient hospitalizations, ER visits,
hospital outpatient visits, and physician office
visits (Table 3). NVAF-related mean (SD) lengths
of hospital stay were significantly shorter with
rivaroxaban versus warfarin for all patients
(15 [34] days vs 19 [40] days) and patients with
at least one hospitalization (28 [42] days vs 33
[48] days).
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Table 1 Patient disposition

Criteria N (%)a

1. Retain patients with C 1 claim for either warfarin or rivaroxaban from

December 1, 2011 to March 1, 2020

1,032,008

2. Retain patients C 18 years old on the index date 1,030,910 (99.9%)

3. Retain patients with C 12 months continuous medical and pharmacy

benefit enrollment prior to and on the index date

550,203 (53.4%)

4. Retain patients with C 1 claim with an ICD-9/10-CM diagnosis code

for AF during the 12 months prior to or on the index date

258,475 (47.0%)

5. Retain patients with predicted BMI C 30 kg/m2 on the index date per

the previously validated BMI algorithm tool

103,342 (40.0%)

6. Retain patients with C 1 claim with a diagnosis of diabetes or C 1 claim

for antidiabetic medication during the 12 months prior to or on the

index date

57,340 (55.5%)

7. Exclude patients with C 1 hospitalization or ER visit with a primary

diagnosis for stroke/SE during the 30 days prior to the index date

55,565 (96.9%)

8. Exclude patients with C 1 major bleeding eventb during the 30 days prior

to the index date

55,398 (99.7%)

9. Exclude patients with claims for C 2 different OACs on the index date 55,337 (99.9%)

Rivaroxaban cohort Warfarin cohort

10. Exclude patients with C 1 claim for any OAC during the 12 months

prior to the index date

13,913 (86.1%) 20,639 (52.7%)

11. Exclude patients with C 1 claim with a procedure code for knee or hip

replacement during the 12 months prior to the index date

13,461 (96.8%) 20,120 (97.5%)

12. Exclude patients with C 1 claim with an ICD-9/10-CM diagnosis code

for VTE during the 12 months prior to the index date

13,454 (99.9%) 20,093 (99.9%)

13. Exclude patients with C 1 claim with an ICD-9/10-CM diagnosis code

for mitral stenosis during the 12 months prior to the index date

12,663 (94.1%) 18,415 (91.6%)

14. Exclude patients with C 1 claim with a procedure or diagnosis code for

mechanical heart valve procedure during the 12 months prior to the

index date

12,663 (100.0%) 18,415 (100.0%)

AF atrial fibrillation, BMI body mass index, ER emergency room, ICD-9/10-CM International Classification of Diseases,
9th and 10th Revisions, Clinical Modification, OAC oral anticoagulant, SE systemic embolism, VTE venous
thromboembolism
a The exclusion criteria are presented as a funnel approach in which the number of patients in each row reflects those who
were retained after applying the respective exclusion criteria in sequential order; the percentages were calculated using the
number of patients from the prior row as the denominator
b A major bleeding event was identified during the follow-up period using a validated claims-based algorithm developed by
Cunningham et al. [27]
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Table 3 All-cause and NVAF-related HRU for patients with NVAF, obesity, and diabetes newly initiating rivaroxaban or
warfarin

Rivaroxaban
(n = 9999)

Warfarin
(n = 9999)

Rate ratio/mean difference
(95% CI)a

P value

Intent-to-treat analysis

All-cause HRU

Number of events of interest (PPPY), mean (SD)

Inpatient hospitalizations 1.39 (3.41) 1.62 (3.83) 0.86 (0.85, 0.88) \ 0.0001

ER visits 0.64 (1.56) 0.61 (1.25) 1.02 (0.99, 1.05) 0.2064

Hospital outpatient visits 17.38 (12.18) 21.33 (15.02) 0.80 (0.79, 0.80) \ 0.0001

Physician office visits 24.36 (20.11) 29.15 (24.39) 0.77 (0.77, 0.78) \ 0.0001

Pharmacy fills 60.92 (39.93) 61.21 (42.44) 0.97 (0.97, 0.97) \ 0.0001

30-day rehospitalization rate,b

n (%)

2439 (24.4%) 2583 (25.8%) 0.93 (0.87, 0.99)b 0.0189

Length of hospital stay, mean (SD)

All patients 16.16 (34.30) 20.57 (40.74) -4.41 (-5.45, -3.37) \ 0.0001

Patients with

C 1 hospitalizationc
25.47 (40.22) 30.66 (46.53) -5.18 (-6.68, -3.69) \ 0.0001

NVAF-relatedd HRU

Number of events of interest (PPPY), mean (SD)

Inpatient hospitalizations 0.82 (1.64) 0.89 (1.68) 0.93 (0.90, 0.95) \ 0.0001

ER visits 0.17 (0.52) 0.18 (0.51) 0.93 (0.87, 0.98) 0.0103

Hospital outpatient visits 4.34 (3.83) 7.19 (7.43) 0.60 (0.60, 0.61) \ 0.0001

Physician office visits 3.68 (4.52) 6.96 (8.40) 0.50 (0.49, 0.50) \ 0.0001

Length of hospital stay, mean (SD)

All patients 15.47 (34.15) 19.38 (40.43) -3.92 (-4.95, -2.88) \ 0.0001

Patients with

C 1 hospitalizationc
27.51 (41.76) 33.21 (48.39) -5.70 (-7.36, -4.04) \ 0.0001

As-treated sensitivity analysis

All-cause HRU

Number of events of interest (PPPY), mean (SD)

Inpatient hospitalizations 1.29 (3.79) 1.62 (4.68) 0.83 (0.82, 0.84) \ 0.0001

ER visits 0.64 (1.64) 0.65 (1.64) 0.97 (0.94, 1.00) 0.048

Hospital outpatient visits 18.35 (13.35) 26.88 (18.48) 0.71 (0.71, 0.72) \ 0.0001

Physician office visits 26.21 (22.26) 36.69 (29.16) 0.71 (0.70, 0.71) \ 0.0001

Pharmacy fills 71.94 (44.84) 73.23 (47.56) 0.92 (0.91, 0.92) \ 0.0001

3178 Diabetes Ther (2021) 12:3167–3186



The as-treated sensitivity analysis results for
all-cause and NVAF-related HRU rate ratios were
consistent with the intent-to-treat analysis,
with the additional finding that ER visits were
significantly lower in the rivaroxaban cohort
versus the warfarin cohort (P\ 0.05; Table 3).
The length of hospital stay was significantly
shorter for rivaroxaban compared with war-
farin. For all-cause hospitalizations, the length
of stay was 2 days shorter both in all patients
and in patients with at least one hospitalization.

For NVAF-related hospitalizations, the length of
stay was 2 and 3 days shorter, respectively.

In the intent-to-treat analysis, all-cause total
medical costs were $7816 PPPY lower in the
rivaroxaban cohort compared with the warfarin
cohort, with significantly lower costs in all set-
tings, except ER visits (Fig. 2a). Total pharmacy
costs were higher for rivaroxaban versus war-
farin by $2542 PPPY, but the difference was
offset by the larger reduction in medical costs
(Fig. 2b). The total healthcare costs of medical

Table 3 continued

Rivaroxaban
(n = 9999)

Warfarin
(n = 9999)

Rate ratio/mean difference
(95% CI)a

P value

Length of hospital stay, mean (SD)

All patients 5.94 (14.94) 7.91 (18.97) -1.97 (-2.45, -1.50) \ 0.0001

Patients with

C 1 hospitalizationc
9.36 (17.88) 11.79 (22.14) -2.43 (-3.12, -1.74) \ 0.0001

NVAF-relatedd HRU

Number of events of interest (PPPY), mean (SD)

Inpatient hospitalizations 0.80 (2.12) 0.95 (2.33) 0.89 (0.87, 0.91) \ 0.0001

ER visits 0.18 (0.69) 0.20 (0.71) 0.94 (0.90, 0.99) 0.0265

Hospital outpatient visits 5.11 (4.69) 11.09 (10.64) 0.53 (0.53, 0.54) \ 0.0001

Physician office visits 4.36 (5.90) 11.10 (12.11) 0.45 (0.45, 0.46) \ 0.0001

Length of hospital stay, mean (SD)

All patients 5.53 (14.69) 7.25 (18.64) -1.72 (-2.19, -1.26) \ 0.0001

Patients with

C 1 hospitalizationc
9.84 (18.48) 12.43 (23.05) -2.58 (-3.35, -1.82) \ 0.0001

CI confidence interval, ER emergency room, HRU healthcare resource utilization, NVAF nonvalvular atrial fibrillation,
PPPY per person per year, SD standard deviation
a Rate ratio was used to compare the number of events PPPY, and difference in means was used to compare length of
hospital stay; statistical comparisons are comparing rivaroxaban to warfarin (reference group)
b 30-day rehospitalization rate was defined as having another hospitalization within 30 days after the first all-cause hos-
pitalization during the follow-up period; odds ratio was used to compare the proportion of patients with 30-day
rehospitalization
c Number of patients with C 1 hospitalization: intent-to-treat: all-cause (rivaroxaban, 6342; warfarin, 6708), NVAF-
related (rivaroxaban, 5621; warfarin, 5836); as-treated: all-cause (rivaroxaban, 4315; warfarin, 4707), NVAF-related
(rivaroxaban, 3669; warfarin, 3941)
d NVAF-related was defined as an encounter associated with an AF diagnosis in any position
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and pharmacy costs combined were lower by
$5266 PPPY for rivaroxaban compared with
warfarin (P\ 0.0001). NVAF-related medical
costs were approximately half of the all-cause
medical costs and were also lower for rivaroxa-
ban versus warfarin ($1056 PPPY; P = 0.01;
Fig. 2c). The drivers of medical costs related to
NVAF were inpatient hospitalizations and
physician office visits, with the latter being
higher in the rivaroxaban cohort compared
with the warfarin cohort.

The total cost advantage of rivaroxaban ver-
sus warfarin was maintained in the as-treated
sensitivity analysis. All-cause total healthcare
costs were reduced by $5459 for rivaroxaban
versus warfarin, with total medical costs
reduced by $10,879 and pharmacy costs
increased by $5399 (Table 4). NVAF-related
medical costs were reduced by $3466 in the
rivaroxaban cohort compared with the warfarin
cohort. For both all-cause and NVAF-related
costs on an as-treated basis, medical costs were
driven by inpatient hospitalizations and physi-
cian office visits. However, NVAF-related
physician office visit costs were significantly
higher in the rivaroxaban cohort versus the
warfarin cohort ($518 PPPY; P = 0.0013).

DISCUSSION

This real-world study compared HRU and costs
of oral anticoagulation therapy with rivaroxa-
ban versus warfarin in patients with NVAF who
have concurrent obesity and diabetes. All-cause
HRU was reduced with rivaroxaban versus war-
farin in all settings, except ER visits. NVAF-re-
lated HRU remained significantly lower for
rivaroxaban versus warfarin in all settings, par-
ticularly physician office visits and hospital

outpatient visits. The length of hospital stay was
significantly reduced by approximately 4–5 days
in the rivaroxaban cohort compared with the
warfarin cohort for both all-cause and NVAF-
related hospitalizations. All-cause total health-
care costs were reduced by more than $5000
PPPY with rivaroxaban, and NVAF-related
medical costs were reduced by approximately
$1100 PPPY with rivaroxaban. The difference
was driven mainly by lower costs for inpatient
hospitalizations and physician office visits for
rivaroxaban versus warfarin.

The efficacy of rivaroxaban and warfarin in
overweight and obese patients with NVAF was
analyzed using data from the ROCKET-AF trial,
in which stroke and systemic embolism out-
comes were lower compared with normal
weight patients in both rivaroxaban and war-
farin treatment groups [33]. Among patients
with diabetes in ROCKET-AF, similar rates of
stroke/systemic embolism were observed com-
pared with patients who did not have diabetes
[33, 34]. In addition, previously published real-
world evidence studies demonstrated similar or
improved effectiveness and safety of rivaroxa-
ban versus warfarin in obese patients with NVAF
[35–39]. Studies have also demonstrated the
effectiveness and safety of rivaroxaban in
patients with NVAF and concurrent diabetes
[34, 40–45].

Our study findings are aligned with other
retrospective analyses among patients with
NVAF overall and in obese patients [35, 46, 47].
Among 2253 matched pairs of patients with
NVAF newly initiating rivaroxaban or warfarin,
all-cause and NVAF-related hospitalization costs
were significantly lower with rivaroxaban com-
pared with warfarin [47]. All-cause costs of
outpatient visits were also significantly lower
with rivaroxaban versus warfarin, while NVAF-
related outpatient visit costs were lower but not
statistically significant. Lower HRU and costs
were also demonstrated with rivaroxaban versus
warfarin in patients with NVAF who were mor-
bidly obese despite similar effectiveness and
safety of the anticoagulants [35]. Lower costs
were driven by a lower hospitalization rate,
shorter length of stay, and less outpatient and
physician office service encounters for rivarox-
aban versus warfarin [35]. Another recently

bFig. 2 All-cause a medical costs, b total costs, and
c NVAF-relateda medical costs (2020 US dollars) for
patients with NVAF, obesity, and diabetes newly initiating
rivaroxaban or warfarin. ER emergency room, NVAF
nonvalvular atrial fibrillation, PPPY per patient per year,
SNF skilled nursing facility. aNVAF-related was defined as
an encounter associated with an AF diagnosis in any
position
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published study evaluated HRU and costs in
patients with NVAF and obesity who were
newly initiating rivaroxaban or warfarin [46]. At
12 and 36 months, rivaroxaban was associated
with lower all-cause and NVAF-related HRU
driven primarily by lower outpatient visits. All-
cause and NVAF-related costs were also lower
with rivaroxaban versus warfarin as a result of
lower hospitalization costs. Outpatient office
visits and other visit costs were also lower with
rivaroxaban versus warfarin. This claims-based
study was extended to evaluate HRU and costs
for patients with NVAF, obesity, and polyphar-
macy (defined as five or more concurrent

outpatient prescriptions) [48]. Rivaroxaban was
associated with significantly lower 12- and
36-month HRU and 12-month costs, driven by
lower hospitalizations [48]. The lower hospital-
ization rates and shorter lengths of hospital stay
associated with rivaroxaban versus warfarin
suggest fewer healthcare interactions in patients
treated with rivaroxaban [35, 47, 48]. These
findings may be related to lack of need for
routine monitoring and fewer drug–drug inter-
actions with rivaroxaban in comparison to
nearly monthly international normalized ratio
monitoring that occurs with warfarin
[35, 46, 48].

Table 4 Sensitivity analysis of as-treated patients: All-cause and NVAF-related healthcare costs (2020 US dollars) for
patients with NVAF, obesity, and diabetes newly initiating rivaroxaban or warfarin

Rivaroxaban
(n = 9999)

Warfarin
(n = 9999)

Mean difference
(95% CI)a

P value

As-treated analysis

All-cause costs (PPPY), mean (SD)

Total medical cost $36,010 (71,743) $46,829 (99,242) -$10,879 (-11,988, -9734) \ 0.0001

Inpatient hospitalizations $15,572 (55,081) $20,351 (65,097) -$4869 (-5842, -3832) \ 0.0001

ER visits $1122 (3707) $1237 (3743) -$115 (-181, -45) 0.0016

Hospital outpatient visits $2856 (5907) $3573 (9040) -$717 (-784, -648) \ 0.0001

Physician office visits $15,259 (36,646) $19,779 (64,263) -$4521 (-5057, -3966) \ 0.0001

SNF visits $1202 (5424) $1889 (7352) -$688 (-768, -602) \ 0.0001

Total pharmacy cost $11,972 (14,018) $6573 (13,000) $5399 (5127, 5679) \ 0.0001

Total cost (medical ? pharmacy) $47,982 (74,149) $53,401 (101,549) -$5459 (-6704, -4181) \ 0.0001

NVAF-related costs (PPPY), mean (SD)

Total medical cost $19,416 (50,505) $22,830 (57,213) -$3466 (-4248, -2651) \ 0.0001

Inpatient hospitalizations $11,263 (41,516) $14,270 (49,708) -$3079 (-3809, -2298) \ 0.0001

ER visits $376 (1937) $385 (1815) -$10 (-33, 16) 0.446

Hospital outpatient visits $846 (2084) $1320 (5493) -$474 (-501, -446) \ 0.0001

Physician office visits $6334 (24,003) $5816 (21,814) $518 (196, 857) 0.0013

SNF visits $600 (3416) $1041 (5174) -$422 (-483, -398) \ 0.0001

CI confidence interval, ER emergency room, HRU healthcare resource utilization, NVAF nonvalvular atrial fibrillation,
PPPY per person per year, SD standard deviation, SNF skilled nursing facility
a Difference in means was used to compare healthcare costs; statistical comparisons are comparing rivaroxaban to warfarin
(reference group)
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Although no data have specifically examined
HRU and costs associated with anticoagulation
therapy in patients with NVAF and diabetes, the
Nationwide Inpatient Sample registry data
found that 29% of AF-related hospitalizations
occurred in patients with concurrent diabetes,
and there was a temporal increase in the AF
hospitalization rate among patients with dia-
betes [49]. No differences in costs were identi-
fied for patients with AF with and without
diabetes, but there was a higher 30-day
readmission risk for patients with diabetes. In
our analysis, rivaroxaban was associated with a
significantly lower 30-day rehospitalization
rate. On the basis of results obtained using the
National Readmission Database, readmitted
patients with AF had a higher burden of
comorbidities, and diabetes was among the
most common comorbidities of hospitalized
patients [50]. A higher burden of comorbidities
was also predictive of higher cost of hospital-
ization for AF [50].

This study included the use of a geographi-
cally diverse healthcare claims database that
represents both commercially insured and
Medicare Advantage beneficiaries across the
USA and 12 months of continuous health plan
enrollment to better understand patient char-
acteristics and outcomes over time. Propensity
score matching was used to reduce selection
biases, but there may be residual confounding
as some factors were not available in the claims
data; for example, we did not control for dia-
betes control, exercise, and smoking status. In
this analysis, BMI was calculated using a vali-
dated machine learning algorithm, which
allowed us to leverage the BMI information
from claims data to assess HRU and costs.
However, the algorithm may misclassify
patients’ BMI category. Other limitations of
administrative claims data include coding errors
and inconsistencies. The time in therapeutic
international normalized ratio range was not
assessed for warfarin patients because of limited
laboratory data. HRU and costs were limited to
the patient population studied and may not be
generalizable to the broader US population,
such as those who are uninsured or have a dif-
ferent insurance coverage (e.g., Medicaid).
Moreover, prescription claims do not indicate

that the medication was taken as prescribed,
and medications provided as samples by physi-
cians or over-the-counter medications are not
captured in these data. Costs provided in the
Optum DOD database are standardized costs,
which may underestimate the actual costs for
commercial plans and overestimate the actual
costs for Medicare Advantage plans. Finally,
even with propensity score matching to balance
the study cohorts, residual confounding cannot
be excluded.

CONCLUSIONS

The results of this analysis provide valuable
information on HRU and costs among patients
with NVAF, obesity, and diabetes, showing that
rivaroxaban is associated with lower HRU and
costs compared with warfarin.
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