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ABSTRACT

Introduction: The healthcare resource utiliza-
tion (HRU) and costs of oral anticoagulant-
naı̈ve patients with non-valvular atrial fibrilla-
tion (NVAF) and diabetes initiated on rivaroxa-
ban or warfarin in the United States (US) has
not been previously evaluated.
Methods: This retrospective study used data
from the Optum’s de-identified Clinformatics�

Data Mart Database (1 January, 2012 to 30
September, 2021) to evaluate the HRU and costs
of adult patients with NVAF and diabetes newly
initiated on rivaroxaban or warfarin (on or after
January 2013). Inverse probability of treatment

weighting (IPTW) was used to adjust for con-
founding between cohorts. HRU and costs (USD
2021) were assessed per patient-year (PPY) post-
treatment initiation. Weighted cohorts were
compared using rate ratios (RR) from Poisson
regression models, odds ratios (OR) from logis-
tic regression models, and cost differences; 95%
confidence intervals (CI) and p values were
generated using non-parametric bootstrap
procedures.
Results: After IPTW, 17,881 and 19,274
patients initiated on rivaroxaban and warfarin
were included, respectively (mean age: 73 years;
40% female). During 12 months of follow-up,
the rivaroxaban cohort had lower all-cause HRU
PPY across all components, including lower
rates of inpatient stays (RR: 0.84, 95% CI 0.81,
0.88), outpatient visits (RR: 0.67, 95% CI 0.66,
0.68), and 30 day hospital readmission (OR:
0.75, 95% CI 0.66, 0.83; all p\0.001) compared
to the warfarin cohort. Moreover, rivaroxaban
was associated with medical cost savings PPY
(mean cost difference: - $9306, 95% CI
- $11,769, - $6607), which compensated for
higher pharmacy costs relative to warfarin
(mean cost difference: $5518, 95% CI $5193,
$5839), resulting in significantly lower all-cause
total healthcare costs for rivaroxaban versus
warfarin (mean cost difference: - $3788, 95%
CI - $6258, - $1035; all p\0.001).
Conclusion: Among NVAF patients with dia-
betes in a real-world US setting, rivaroxaban was
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associated with lower healthcare costs com-
pared to warfarin.

Keywords: Diabetes; Healthcare costs;
Healthcare resource utilization; Non-valvular
atrial fibrillation; Real-world; Rivaroxaban;
Warfarin

Key Summary Points

Why carry out this study?

Despite diabetes being increasingly
prevalent in the US, the scientific
literature is scarce on the impact of
rivaroxaban and warfarin in patients with
both NVAF and diabetes.

This study compared the healthcare
resource utilization and costs of patients
with NVAF and diabetes treated with
rivaroxaban versus warfarin.

What was learned from this study?

Patients with NVAF and diabetes treated
with rivaroxaban had significantly less
hospitalizations and outpatient visits, and
significantly lower healthcare costs
compared to patients treated with
warfarin.

Rivaroxaban may play an important role
in reducing the economic burden
associated with NVAF and diabetes in the
US.

INTRODUCTION

Diabetes is commonly prevalent in patients
with atrial fibrillation (AF) [1–3], and is associ-
ated with a 23–49% greater risk of developing
AF [4]. Evidence further suggests that the pres-
ence of comorbid diabetes among patients with
AF may lead to worse clinical outcomes than
either condition alone [5–8]. The results of
large, nationwide registry studies indicate that
AF patients with diabetes have significantly

higher rates of hospitalization, cardiovascular
mortality, and overall mortality, as well as
worse symptoms and poorer quality of life
compared to AF patients without diabetes [6, 7].
Furthermore, a study using Nationwide Inpa-
tient Sample inpatient data from 2004 to 2014
observed a significant 4.4% increase in the rate
of AF-related hospitalizations among AF
patients with comorbid diabetes over time
compared to those without [7].

Anticoagulation therapy is the cornerstone
treatment for non-valvular AF (NVAF) [9–11],
the most common type of AF in the US (US),
which accounts for over 15% of all strokes [12].
Vitamin K antagonists (VKAs; e.g., warfarin)
were the first agents used to reduce the risk of
stroke and mortality among NVAF patients.
However, notable disadvantages of VKAs are
that they require regular monitoring with
dosage adjustments, and are associated with
numerous drug and food interactions
[8, 13, 14]. In the past decade, non-vitamin K
direct oral anticoagulants (DOACs; e.g.,
rivaroxaban) have been approved by the US
Food and Drug Administration for the treat-
ment of NVAF [15–17]. Several randomized
clinical trials have demonstrated that DOACs
such as rivaroxaban are at least as effective as
VKAs for stroke prevention in patients with
NVAF [18–22], while maintaining a similar, if
not improved, safety profile to that of VKAs
without the need for laboratory monitoring. Per
the 2020 European Society of Cardiology
guidelines [8], DOACs such as rivaroxaban may
also be considered a viable alternative to war-
farin among NVAF patients with diabetes based
on supporting evidence from clinical trials
[23, 24]. For instance, in secondary analyses of
the ROCKET AF clinical trial data, the relative
efficacy and safety of rivaroxaban were similar
in NVAF patients with and without diabetes
when compared to warfarin [21, 25]. More
recently, retrospective claims-based studies
have suggested that rivaroxaban may have a
favorable effectiveness and/or safety profile
compared to warfarin among NVAF patients
with diabetes in real-world clinical practice in
the US [26, 27].

The economic burden associated with NVAF
in the US is substantial, with annual NVAF-
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related costs estimated at $6 billion, and rising
to $26 billion when other cardiovascular and
non-cardiovascular costs are included [28].
Current data suggest that anticoagulant therapy
with rivaroxaban may reduce these healthcare
costs among patients with NVAF when com-
pared to warfarin [29–32]. Further, rivaroxaban
has been associated with lower healthcare costs
compared to warfarin among complex patients
with comorbid conditions such as obesity
[33–35], as well as those with concurrent NVAF,
obesity, and diabetes [36]. Based on this evi-
dence, it is plausible that rivaroxaban might
confer economic benefits among patients with
NVAF and diabetes, irrespective of body weight.
However, no study to date has specifically
examined the economic impact of anticoagu-
lation therapy in this broader population of
NVAF patients with diabetes. Such inquiries
would be an important addition to the litera-
ture, as diabetes is becoming increasingly
prevalent in the US, even among individuals of
normal body weight [37–39].

Accordingly, this study compared the
healthcare resource utilization (HRU) and
healthcare costs associated with rivaroxaban
and warfarin among oral anticoagulant-naı̈ve
patients with NVAF and diabetes, thereby
addressing this knowledge gap regarding the
economic benefits of treatment and informing
future therapeutic decisions.

METHODS

Data Source

This study used data from the Optum’s de-
identified Clinformatics� Data Mart Database
(CDM) spanning from January 1, 2012, to
September 30, 2021. CDM is a large de-identi-
fied administrative claims database containing
healthcare claims, which covers approximately
15–20 million annual lives for a total of roughly
62 million unique lives in all US census regions.
This database comprises both commercial and
Medicare Advantage health plans, and includes
data on patient demographics, dates of eligibil-
ity, date of death (sourced from the Social
Security Administration’s Death Master File),

claims for inpatient (IP) and outpatient (OP)
visits, pharmacy encounters, and costs of ser-
vices [40]. Data were de-identified and compli-
ant with the Health Insurance Portability and
Accountability Act (HIPAA) of 1996; therefore,
no review by an institutional review board was
required per Title 45 of CFR, Part 46.101(b)(4)
(https://www.hhs.gov/ohrp/regulations-and-
policy/regulations/45-cfr-46/#46.101). Further-
more, no consent to participate or for publica-
tion was required. Finally, this study was
performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

Study Design and Population

A retrospective weighted-cohort design was
used to evaluate and compare outcomes among
patients with NVAF and diabetes who were
newly initiated on rivaroxaban or warfarin.
Figure 1 presents the study design scheme.
Patients eligible for the study were required to
meet the following inclusion criteria: (1) C 1
dispensing for rivaroxaban or warfarin, where
the date of the first dispensing was defined as
the index date; (2) C 12 months of continuous
health plan enrollment before the index date,
defined as the baseline period; (3) C 1 diagnosis
of AF (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-
CM] codes: 427.31, or International Classifica-
tion of Diseases, Tenth Revision, Clinical Mod-
ification [ICD-10-CM] codes: I48.0x–148.2x,
148.91) during the baseline period or on the
index date; (4) diabetes at baseline, identified
as C 2 diagnoses of diabetes (including type 1
and 2; ICD-9-CM codes: 250.x, and ICD-10-CM
codes: E10.x–E13.x) at least 30 days apart during
the baseline period or on the index date, or C 1
dispensing for an antidiabetic medication
and C 1 diagnosis of diabetes during the base-
line period or on the index date; and
(5) C 18 years of age at the index date.

Patients were excluded if they met at least
one of the following criteria: (1) dispensings
for C 2 oral anticoagulants on the index date,
(2) C 1 dispensing for an oral anticoagulant
during the baseline period, or (3) C 1 diagnosis
of another indication for oral anticoagulation
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(i.e., venous thromboembolism, knee or hip
replacement surgery; in any position) during
the baseline period or on the index date. Addi-
tionally, to identify NVAF, patients were exclu-
ded if they had C 1 diagnosis of mitral stenosis
(in any position) during the baseline period or
on the index date, or if they had C 1 mechanical
heart-valve procedure during the baseline per-
iod or on the index date.

Patients meeting the study selection criteria
were assigned to mutually exclusive rivaroxa-
ban and warfarin cohorts based on the oral
anticoagulant received on the index date.
Patients’ demographics and clinical character-
istics were evaluated during the 12-month
baseline period. An on-treatment approach was
used to evaluate HRU and healthcare cost out-
comes from the index date up to 12 months (as
the main analysis) and up to 24 months (as a
sensitivity analysis) post-index. In this
approach, the observation (follow-up) period
spanned from the index date until the earliest
date of treatment discontinuation [defined as
the earliest of a gap in days of supply
(i.e.,[30 days) between the end of a dispensing

(based on days of supply) and the next fill, or
between the end of the last dispensing and the
end of eligibility], a switch to or addition of
another oral anticoagulant, 12 months post-in-
dex (or 24 months for sensitivity), death, health
plan disenrollment, or end of data availability.

Study Outcomes

The study outcomes were measured up to
12 months post-index as a main analysis and up
to 24 months post-index as a sensitivity analy-
sis. All-cause HRU components were evaluated
and comprised IP stays (including hospitaliza-
tions and skill nursing facility stays), length of
stay (measured in days among patients with IP
stays), emergency room (ER) visits, and OP vis-
its. Additionally, this study evaluated 30 day
readmissions, defined as IP stays during the
observation period that were followed by an
unplanned acute readmission for any diagnosis
within 30 days following the discharge date
from the initial IP stay. For all-cause healthcare
costs, total costs were calculated as the sum of
medical and pharmacy costs, where medical

Fig. 1 Study design. Data source: Optum’s de-identified
Clinformatics� Data Mart Database, consisting of patients
with AF, from January 1, 2012, to September 30, 2021. AF
atrial fibrillation; GPI generic product identifier; ICD-9-
CM International Classification of Diseases, Ninth Revision,
Clinical Modification; ICD-10-CM International Classifica-
tion of Diseases, Tenth Revision, Clinical Modification;
NVAFnon-valvular atrial fibrillation;HRUhealthcare resource
use1GPI drug codes were used to identify pharmacy claims for
rivaroxabanandwarfarin2Treatmentdiscontinuation is defined

as a gap in days of supply (i.e.,[30 days) between the end of a
dispensing (based ondays of supply) and the next fill or between
the end of the last dispensing and the end of data3AF was
identified with the following ICD-9-CM codes: 427.31, or
ICD-10-CM: I48.0, I48.1x, I48.2x, I48.914Diabetes was
identified as C 2 diagnosis of diabetes (ICD-9-CM codes:
250.x, or ICD-10-CM codes: E10.x–E13.x) at least 30 days
apart during the baseline period or on the index date, orC 1
dispensing for an antidiabetic medication and C 1 diagnosis of
diabetes during the baseline period or on the index date
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costs included costs associated with IP stays, ER
visits, and OP visits.

Statistical Analyses

The inverse probability of treatment weighting
(IPTW) approach was used and standardized to
the rivaroxaban cohort to estimate an average
treatment effect on the treated (ATT) [41].
Weights were calculated based on a propensity
score (PS), defined as the conditional probabil-
ity of being treated with rivaroxaban based on
observable baseline characteristics. The PS was
then used to create a pseudo-population such
that the distribution of covariates in the control
group (i.e., warfarin cohort) mimicked the dis-
tribution of covariates in the treatment group
(i.e., rivaroxaban cohort) [42]. The probability
weight was 1 for patients in the rivaroxaban
cohort, and calculated as PS/1–PS for those in
the warfarin cohort, and then normalized (i.e.,
dividing each weight by the mean of the
weights per cohort) to preserve cohort size.

Baseline characteristics used in the PS calcu-
lation included age, sex, year of index date,
region, insurance plan type, Quan-Charlson
comorbidity index (CCI) score, CHA2DS2-VASc
(congestive heart failure, hypertension,
age C 75 years, diabetes mellitus, stroke or
transient ischemic attack [TIA], vascular disease,
age 65–74 years, sex category) score, HAS-BLED
(hypertension, abnormal renal and liver func-
tion, stroke, bleeding) score, diabetes compli-
cations severity index (DCSI) score, DCSI-
related complications (i.e., cardiovascular com-
plications, nephropathy, neuropathy, periph-
eral vascular disease, cerebrovascular
complications, and retinopathy), stroke/sys-
temic embolism (SE), major bleeding, baseline
medication use (i.e., non-oral anticoagulants,
antihypertensives, antihyperlipidemics, other
cardiovascular agents, antiplatelets, and antidi-
abetics), cardiovascular procedures (i.e., percu-
taneous coronary intervention, catheter
ablation, and coronary bypass graft), other
comorbidities of interest with prevalence C 5%,
history of cancer diagnosis and treatment, HRU
(IP, ER, and OP), and costs (IP, ER, OP, and
pharmacy). To prevent outliers from skewing

the results of our analyses, observations
assigned extremely high weights were truncated
at the 99th percentile of the distribution,
whereby all weights higher than the 99th per-
centile value were replaced by that threshold
value.

Patients’ baseline characteristics (un-
weighted and weighted) were reported by
treatment cohort using descriptive statistics.
Differences in baseline characteristics between
cohorts were assessed using standardized dif-
ferences. A standardized difference\10% was
considered a negligible difference between
cohorts [43].

HRU rates and healthcare costs were reported
per patient-year (PPY), calculated as the number
of events and the costs divided by the patient-
years of observation, respectively. This
approach is commonly used in non-experi-
mental study settings to account for different
lengths of observation periods between
patients. HRU rates were compared between
cohorts using weighted rate ratios (RR) obtained
from Poisson regression models and weighted
odds ratios (OR) from logistic regression mod-
els. Healthcare costs from a payers’ perspective
were reported as the weighted mean (standard
deviation [SD]), and weighted cost differences
between cohorts were calculated. All costs were
inflated to 2021 US dollars based on the medical
care component of the Consumer Price Index
[44]. Because HRU and cost data have positive
values that follow a non-normal distribution
and also often have zero values, non-parametric
bootstrap procedures were used to estimate 95%
confidence intervals (CI) and p values [45]. All
analyses were conducted using SAS Enterprise
Guide v.7.15.

RESULTS

A total of 1,092,499 patients initiated on an oral
anticoagulant (rivaroxaban or warfarin)
between January 01, 2013, and September 30,
2021, were identified. After applying all inclu-
sion and exclusion criteria, a total of 37,155
patients with NVAF and diabetes were included
(17,881 patients initiating rivaroxaban and
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19,274 patients initiating warfarin treatment;
Fig. 2).

Baseline Demographics and Clinical
Characteristics

Baseline characteristics of the unweighted and
weighted rivaroxaban and warfarin cohorts are
shown in Tables 1 and 2. After weighting, the
rivaroxaban and warfarin cohorts were well-
balanced with respect to demographics, clinical
characteristics, and comorbidities. After
weighting, the mean age of the rivaroxaban and
warfarin cohorts was 73 years and roughly 40%
of patients in each cohort were female (Table 1).
Most patients in the rivaroxaban and warfarin
cohorts had Medicare Advantage plans and used
cardiovascular-related and diabetes

medications. The mean (SD) total all-cause
healthcare costs during the baseline period were
$43,042 ($66,848) for the rivaroxaban cohort
and $43,182 ($65,605) for the warfarin cohort.
Patients in the rivaroxaban and warfarin
cohorts were similar in terms of their mean CCI
score, CHA2DS2-VASc score, and HAS-BLED
score (Table 2).

Comparisons of HRU

In the main analysis with up to 12 months of
follow-up, the mean rate of all-cause HRU was
significantly lower in the rivaroxaban versus
warfarin cohort across all observed components
(Fig. 3). Over a mean (median) follow-up time
of 215 (217) days and 214 (218) days for the
weighted rivaroxaban and warfarin cohorts,

Fig. 2 Patient disposition. Data Source: Optum’s de-
identified Clinformatics� Data Mart Database, consisting
of patients with NVAF and diabetes, from January 1,
2012, to September 30, 2021. AF atrial fibrillation; GPI
generic product identifier; ICD-9-CM International Clas-
sification of Diseases, Ninth Revision, Clinical Modifica-
tion; ICD-10-CM International Classification of Diseases,
Tenth Revision, Clinical Modification; NVAF non-

valvular atrial fibrillation; VTE venous thromboem-
bolism1Baseline period was defined as the 12 months prior
to the index date (excluding the index date)2AF was
identified with the following codes: ICD-9-CM: 427.31;
ICD-10-CM: I48.0, I48.1x, I48.2x, I48.913Diabetes was
identified with the following codes ICD-9-CM: 250.x;
ICD-10-CM: E10.x, E11.x, E12.x, E13.x
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Table 2 Baseline comorbidities of NVAF patients with diabetes treated with rivaroxaban or warfarin

Characteristics Unweighted cohorts Weighted cohorts1

Rivaroxaban Warfarin Std.

diff.2,3

(%)

Rivaroxaban Warfarin Std.

diff.2,3

(%)

n 5 17,881 n 5 19,274 n 5 17,881 n 5 19,274

Presence of CAD or PAD,4,5 n (%)

CAD 8746 (48.9) 11,007 (57.1) 16.5 8746 (48.9) 9889 (51.3) 4.8

PAD 3354 (18.8) 4350 (22.6) 9.4 3354 (18.8) 3552 (18.4) 0.8

Quan-CCI,4,6 mean ± SD [median] 2.7 ± 2.2 [2] 3.2 ± 2.3 [3] 25.0 2.7 ± 2.2 [2] 2.7 ± 2.2 [2] 2.2

CHA2DS2-VASc score,
4,7 mean ± SD [median] 4.7 ± 1.7 [5] 5.1 ± 1.7 [5] 28.5 4.7 ± 1.7 [5] 4.7 ± 1.6 [5] 3.3

HAS-BLED score,4,8 mean ± SD [median] 3.2 ± 1.2 [3] 3.4 ± 1.2 [3] 16.9 3.2 ± 1.2 [3] 3.2 ± 1.2 [3] 1.3

DCSI score,4,9 mean ± SD [median] 3.9 ± 2.0 [4] 4.5 ± 2.1 [4] 26.8 3.9 ± 2.0 [4] 4.0 ± 2.0 [4] 2.6

DCSI main complications, n (%)

Cardiovascular complications 17,035 (95.3) 18,481 (95.9) 3.0 17,035 (95.3) 18,529 (96.1) 4.3

Nephropathy 6739 (37.7) 9572 (49.7) 24.3 6739 (37.7) 7350 (38.1) 0.9

Neuropathy 6211 (34.7) 7365 (38.2) 7.2 6211 (34.7) 6775 (35.1) 0.9

Peripheral vascular disease 4728 (26.4) 6005 (31.2) 10.4 4728 (26.4) 5220 (27.1) 1.5

Cerebrovascular complications 3657 (20.5) 5244 (27.2) 15.9 3657 (20.5) 4016 (20.8) 0.9

Retinopathy 2996 (16.8) 3731 (19.4) 6.8 2996 (16.8) 3238 (16.8) 0.1

Metabolic complications 318 (1.8) 384 (2.0) 1.6 318 (1.8) 308 (1.6) 1.4

Baseline stroke/SE and major bleeding,4 n (%)

Stroke/SE 3683 (20.6) 5308 (27.5) 16.3 3683 (20.6) 4056 (21.0) 1.1

Hemorrhagic or ischemic stroke/TIA 3577 (20.0) 5088 (26.4) 15.2 3577 (20.0) 3915 (20.3) 0.8

SE 196 (1.1) 400 (2.1) 7.8 196 (1.1) 251 (1.3) 1.9
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respectively, patients in the rivaroxaban cohort
had significantly lower rates of IP stays (RR:
0.84, 95% CI 0.81, 0.88; p\0.001), ER visits
(RR: 0.87, 95% CI 0.79, 0.94; p\0.001), and OP
visits (RR: 0.67, 95% CI 0.66, 0.68; p\0.001)
compared to the warfarin cohort. With respect
to IP stays, rivaroxaban was associated with a
significantly lower proportion of patients with
30-day readmission (4.0% vs. 5.3%; OR: 0.75,
95% CI 0.66, 0.83; p\0.001) relative to
warfarin.

A sensitivity analysis with up to 24 months
of follow-up yielded a comparable pattern of

results to the main analysis (Figure S1 in Sup-
plementary Material).

Comparisons of Healthcare Costs

Results of the all-cause healthcare cost analysis
are shown in Fig. 4. Medical cost savings asso-
ciated with rivaroxaban (mean cost difference
PPY: - $9306, 95% CI - $11,769, - $6607;
p\0.001) fully offset its higher pharmacy costs
relative to warfarin (mean cost difference PPY:
$5518, 95% CI $5193, $5839; p\0.001),
resulting in significantly lower total all-cause

Table 2 continued

Characteristics Unweighted cohorts Weighted cohorts1

Rivaroxaban Warfarin Std.

diff.2,3

(%)

Rivaroxaban Warfarin Std.

diff.2,3

(%)

n 5 17,881 n 5 19,274 n 5 17,881 n 5 19,274

Major bleeding10 545 (3.0) 1174 (6.1) 14.6 545 (3.0) 626 (3.2) 1.1

ATT average treatment effect on the treated; CAD coronary artery disease; CHA2DS2-VASc congestive heart failure, hypertension, age,

diabetes, previous stroke, vascular disease; DCSI diabetes complications severity index; HAS-BLED hypertension, abnormal renal/liver

function, bleeding history or predisposition, labile INR, elderly, drugs/alcohol concomitantly; IPTW inverse probability of treatment

weighting;MI myocardial infraction; NVAF non-valvular atrial fibrillation; PAD peripheral artery disease; PS propensity score; Quan-CCI

Quan-Charlson comorbidity index; SD standard deviation; SE systemic embolism; Std. diff. standardized difference; TIA transient

ischemic attack
1The IPTW approach based on the PS and standardized to the rivaroxaban group was used to estimate the ATT. Weights were trimmed

at 99% of the distribution
2For continuous variables, the standardized difference is calculated by dividing the absolute difference in means of the control and the case

by the pooled SD of both groups. The pooled SD is the square root of the average of the squared standard deviations
3For dichotomous variables, the standardized difference is calculated using the following equation where P is the respective proportion of

participants in each group: |(Pcase–Pcontrol)|/H[(Pcase(1–Pcase) ? Pcontrol(1–Pcontrol))/2]
4Evaluated during the 12 months prior to the index date, excluding the index date
5CAD was based on having C 1 medical claim for MI (acute MI and old MI), angina (stable and unstable angina, atherosclerotic heart

disease), percutaneous coronary intervention (acute and non-acute), coronary bypass graft, and/or coronary atherosclerosis of native

coronary artery
6Reference: Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, Saunders LD, Beck CA, Feasby TE, Ghali WA. Coding

algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Medical care. 2005;43(11):1130–1139
7The CHA2DS2-VASc score estimates stroke risk for patients with AF and is calculated using the following algorithm: SUM(Congestive

heart failure, Hypertension AND C 1 dispensing for antihypertensive or diuretic medications, 29Age C 75 years at index, Diabetes

mellitus OR C 1 dispensing for antidiabetic medications, 29[Stroke OR TIA OR thromboembolism], Vascular disease, age 65–74 at

index, Female)
8The HAS-BLED score estimates the risk for major bleeding for patients on anticoagulation therapy
9The DSCI score assesses the level of risk for diabetes adverse outcomes
10Major bleeding was identified using the Cunningham algorithm
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Fig. 3 Healthcare Resource Utilization among weighted
rivaroxaban and warfarin cohorts, up to 12 months of
follow-up1. CI confidence intervals; ER emergency room;
OP outpatient; *p\0.001; 1The observation period spans
from the index date up to the treatment discontinuation, a
switch to/addition of another oral anticoagulant,

12 months post-index, death, end of eligibility, or end of
data availability, whichever occurs first2Rate ratios are
calculated from Poisson regression models3CI and p values
are generated using a non-parametric bootstrap procedure
with 499 replications

Fig. 4 Healthcare Costs among weighted rivaroxaban and
warfarin cohorts, up to 12 months of follow-up1. CI
confidence intervals; ER emergency room; OP outpatient;
PPY per patient-year1The observation period spans from
the index date up to the treatment discontinuation, a

switch to/addition of another oral anticoagulant,
12 months post-index, death, end of eligibility, or end of
data availability, whichever occurs first2CI and p values are
generated using a non-parametric bootstrap procedure
with 499 replications
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healthcare costs in the rivaroxaban versus war-
farin cohort (mean cost difference PPY:
- $3788, 95% CI - $6258, - $1035; p\0.001).
The lower medical costs among patients initi-
ated on rivaroxaban compared to those initi-
ated on warfarin were driven by reductions in IP
stay costs (mean cost difference PPY: - $4554,
95% CI - $6449, - $2645; p\0.001) and OP
visit costs (mean cost difference PPY: - $4215,
95% CI - $5599, - $2742; p\0.001). Relative
to patients in the warfarin cohort, patients in
the rivaroxaban cohort also had significantly
lower ER visit costs (mean cost difference PPY:
- $537, 95% CI - $912, - $156; p = 0.004).

Consistent with the main analysis, total all-
cause healthcare costs were significantly lower
in the rivaroxaban versus warfarin cohort up to
24 months of follow-up (Figure S2 in Supple-
mentary Material).

DISCUSSION

To our knowledge, this is the first retrospective
cohort study comparing the HRU and health-
care costs associated with rivaroxaban and
warfarin among newly initiated patients with
NVAF and diabetes in the US, irrespective of
body weight. Results of this study found that
rivaroxaban was associated with a lower all-
cause HRU and healthcare cost burden relative
to warfarin. Compared to patients in the war-
farin cohort, those in the rivaroxaban cohort
had significantly lower rates of IP stays, OP
visits, and lower odds of 30-day hospital read-
missions, which translated into significantly
lower total healthcare costs for the rivaroxaban
versus warfarin cohort. In particular, while
pharmacy costs were higher for the rivaroxaban
cohort, this expense was fully offset by medical
cost savings relative to the warfarin cohort. In a
sensitivity analysis, this cost offset due to
medical cost savings among the rivaroxaban
cohort was sustained for up to 24 months of
follow-up. Taken together, these results high-
light the long-term incremental economic
benefits of rivaroxaban over warfarin among
complex patients with NVAF and diabetes.

These findings are critical given a trend
toward increased hospitalizations and costs of

care among patients with NVAF in the US over
the past two decades [46], along with evidence
that comorbid diabetes may exacerbate this
burden [6, 7, 47]. Based on one prior study of
Medicare beneficiaries with NVAF, hospitaliza-
tion rates have increased by approximately 1%
per year between 1999 and 2013 [46]. Although
this study found that the median length of
hospital stay has remained stable over time,
median Medicare IP expenditure per beneficiary
has increased from $2932 to $4719 per hospital
stay [46]. In another study using data from a
nationwide readmission database from 2010 to
2014, an estimated 1 in 7 patients with NVAF
were readmitted within 30 days of discharge,
with readmissions accounting for a significant
3% increase in the costs of care per patient [47].
In addition, this study found that comorbidities
such as diabetes mellitus were found to be
highly predictive of 30-day readmissions and
were associated with increased hospitalization
costs [47]. In light of these trends, rivaroxaban
may play an important role in mitigating the
cost burden associated with increased hospital-
izations, including 30-day readmissions, among
patients with NVAF and diabetes from a US
healthcare payer perspective.

The present study findings are consistent
with the pattern observed in prior retrospective
analyses of anticoagulant users with NVAF
overall. Among matched patients from the
general NVAF population, those initiated on
rivaroxaban had a significantly reduced number
and length of all-cause hospitalizations and
fewer OP visits, resulting in significantly lower
associated costs compared to those initiated on
warfarin [29, 30]. The present findings also
corroborate prior evidence showing that
rivaroxaban maintains this economic advantage
over warfarin, even among NVAF patients with
common and burdensome comorbidities
[33–35]. To date, no studies have specifically
examined HRU and costs associated with anti-
coagulation therapy in anticoagulant-naı̈ve
patients with NVAF and diabetes. However, a
recent retrospective study by Weir et al. assessed
these outcomes among commercially-insured
patients with concurrent NVAF, obesity, and
diabetes [36]. In this study, rivaroxaban was
associated with significant reductions in all-
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cause total healthcare costs (cost difference:
- $7816 per PPY) compared to warfarin over a
mean follow-up time of approximately
30 months [36]. Reductions in hospitalizations
and reduced 30-day readmissions in the
rivaroxaban cohort contributed to significantly
lower medical costs, which fully compensated
for higher pharmacy costs relative to the war-
farin cohort [36]. The present study observed a
similar pattern of results to Weir et al. [36],
suggesting that rivaroxaban reduces the HRU
and cost burden among NVAF patients with
diabetes irrespective of body weight. Finally,
our sensitivity analysis showed a sustained
reduction in healthcare costs due to medical
cost savings with rivaroxaban at up to
24 months of follow-up, which is also consis-
tent with the findings by Weir et al. [36] over a
30-month period, as well as the findings of prior
studies showing economic benefits of rivaroxa-
ban over warfarin at up to 36 months of follow-
up [34, 35].

These HRU and cost reductions associated
with rivaroxaban could potentially reflect dif-
ferences in its clinical profile relative to warfarin
based on evidence from real-world clinical
practice [29, 30, 48–50]. In prior studies among
NVAF patients with diabetes, rivaroxaban has
been associated with improved clinical out-
comes along with HRU benefits relative to
warfarin [26, 27]. Given that all-cause HRU and
medical costs in the present study also included
those associated with stroke/SE and bleeding
events, it is plausible that part of the HRU/cost
reductions in the rivaroxaban cohort may have
been driven by improved clinical outcomes
relative to the warfarin cohort. In one recent
claims-based study of NVAF patients with type 2
diabetes, rivaroxaban was associated with a
lower risk of stroke/SE, * 10% relative reduc-
tion in vascular mortality, and fewer bleeding-
related hospitalizations versus warfarin [26].
Moreover, DOACs such as rivaroxaban may
help to mitigate the impact of acute or chronic
kidney disease, which is a common complica-
tion of diabetes [51]. In one real-world study of
NVAF patients with diabetes, rivaroxaban was
associated with a lower risk of hospital admis-
sions/ER visits for acute kidney injury, as well as
with a reduced risk of other undesirable renal

outcomes when compared to warfarin [27].
Future research is needed to elucidate the fac-
tors driving the HRU and cost reductions asso-
ciated with rivaroxaban, as well as the
relationship between clinical and economic
outcomes among anticoagulant users with
NVAF and diabetes.

Limitations

Limitations of the present study include its
observational and retrospective nature, as well
as the limitations commonly associated with
claims databases, such as the potential for cod-
ing inaccuracies that could lead to case
misidentification and missing data. Relatedly,
some details are unavailable in claims data, such
as clinical information (e.g., disease severity)
and certain treatment-related information (e.g.,
over-the-counter medications), while clinical
events leading to death before reaching a med-
ical facility may not be observed in the data
either. Moreover, the healthcare costs included
in the CDM database are standardized costs that
reflect estimated allowed payments across all
provider services to account for differences in
pricing across health plans and provider con-
tracts; however, this standard pricing algorithm
could lead to underestimation or overestima-
tion of costs. Although IPTW was used to adjust
for observed differences between rivaroxaban
and warfarin cohorts, the possibility of unob-
served confounding (e.g., patients’ diet, exer-
cise) and confounding by indication cannot be
excluded. This study included patients diag-
nosed with either type of diabetes (1 or 2); the
relative impact of rivaroxaban versus warfarin
on HRU and costs was not separately evaluated
among subgroups of patients with type 1 or type
2 diabetes. Finally, the study results may not be
generalizable to other patient populations (e.g.,
those enrolled in Medicaid or those without
health insurance).

CONCLUSIONS

The present study provides important insights
into the economic burden of patients with
NVAF and diabetes irrespective of body weight,
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and clarifies the impact of anticoagulant thera-
pies on this burden. Among NVAF patients with
diabetes initiated on anticoagulant therapy,
rivaroxaban was associated with significantly
lower HRU compared to warfarin, most notably
lower rates of hospitalization and odds of
30-day readmission. Rivaroxaban was also
associated with significantly lower total all-
cause healthcare costs when compared to war-
farin, with significant medical cost savings fully
offsetting higher pharmacy costs. This suggests
that rivaroxaban may play an important role in
curbing the substantial HRU and cost burden
associated with NVAF and diabetes in the US.

ACKNOWLEDGEMENTS

Funding. This study was funded by Janssen
Scientific Affairs, LLC. The study sponsor was
involved in several aspects of the research,
including the study design, interpretation of
data, and approval of the final manuscript. The
study sponsor also funded the journal’s Rapid
Service and Open Access Fees.

Medical Writing Assistance. Medical writ-
ing assistance was provided by professional
medical writer, Mona L. Chanda, PhD, an
employee of Groupe d’analyse, Ltée, a consult-
ing company that has provided paid consulting
services to Janssen, which funded the develop-
ment and conduct of this study and
manuscript.

Author Contributions. All authors were
involved in the conception and design, or
analysis and interpretation of the data; the
drafting of the paper or revising it critically for
intellectual content; and the final approval of
the version to be published.

Disclosures. Jeffrey S. Berger and Matthew R.
Weir received consultancy fees from Janssen
Scientific Affairs, LLC. Veronica Ashton and
Brahim Bookhart are employees of Janssen Sci-
entific Affairs, LLC who may own stock or stock

options. François Laliberté, Guillaume Ger-
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