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Aim: Despite evidence of racial/ethnicity health inequities in oral anticoagulant initiation and clinical
outcomes for nonvalvular atrial fibrillation, little is known about disparities in treatment patterns,
particularly discontinuation and switching. Materials & methods: This retrospective study utilized
Komodo Healthcare Map data (1 July 2018 to 30 June 2023) to examine treatment patterns in patients
with nonvalvular atrial fibrillation initiating direct oral anticoagulants (DOACs: apixaban, rivaroxaban,
dabigatran) versus warfarin, stratified by self-reported race/ethnicity (White, Black and Hispanic) in the
USA. Inverse probability of treatment weighting balanced baseline covariates and Cox model computed
adjusted hazard ratio (aHR) and 95% confidence interval (CI) for apixaban-warfarin and DOAC-warfarin
comparisons in the overall cohort and by race/ethnicity. Results: In the apixaban-warfarin cohort,
apixaban patients were 24% less likely to discontinue treatment (aHR: 0.76, 95% CI: 0.75–0.77) and 79%
less likely to switch to another oral anticoagulant (aHR: 0.21, 95% CI: 0.20–0.22) versus warfarin. By
race/ethnicity, a higher proportion of Black patients discontinued than White and Hispanic (68, 60 and
63%, respectively). Almost 5% of apixaban patients switched to another oral anticoagulant versus 31% on
warfarin. Among warfarin switchers, 77% initiated apixaban (80% in White; 76% Black; 76% in Hispanic
patients). The DOAC-warfarin cohort followed similar trends. Conclusion: Overall, apixaban/DOACs were
associated with more favorable treatment patterns than warfarin. However, racial/ethnicity differences
were observed. Given the potential impact of oral anticoagulant discontinuation on clinical outcomes,
further research is needed to better understand factors contributing to higher discontinuation and switch
rates, particularly among Black and Hispanic patients.

Plain language summary
What is this article about? This study looks at how people with a heart condition called nonvalvular
atrial fibrillation take blood-thinning medicines. It compares a newer class of medications, direct oral
anticoagulants that include apixaban, rivaroxaban and dabigatran, to an older medication called warfarin.
The focus is on different racial and ethnic groups, including White, Black and Hispanic patients in the US,
using data from July 2018 to June 2023.

Understanding how people take their medicines is important because stopping or switching medication
can lead to worse health outcomes. To our knowledge, this is the first study to report on how often people
stop or switch between these medicines, specifically comparing trends across different racial and ethnic
groups.
What were the results? The study found that people who took apixaban were 24% less likely to stop
their anticoagulant medication and 79% less likely to switch to a different medicine compared with those
taking warfarin. However, Black patients were more likely to stop their medication (68%) than White
(60%) or Hispanic (63%) patients.
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What do the results of the study mean? This means that apixaban may help patients take their medication
longer compared with warfarin. But it also shows that Black patients tend to stop taking their medications
more often than other groups. These findings are important in highlighting racial and ethnic differences in
medication treatment persistence, which could impact health outcomes. Addressing these disparities may
improve the effectiveness of anticoagulant medication therapy, especially for Black and Hispanic patients.
Further research is needed to understand the reasons for these differences and to improve treatment
continuity across all groups.

Shareable abstract: This study examines treatment patterns in nonvalvular atrial fibrillation patients
using direct oral anticoagulants versus warfarin, focusing on racial/ethnic differences. Apixaban showed
lower discontinuation and switching rates, but Black patients had higher discontinuation, highlighting
treatment disparities.
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Atrial fibrillation (AF) is the most common cardiac arrhythmia disorder in the US, with its prevalence projected
to exceed 12 million by 2030 as the population ages and underlying risk factors increase [1–5]. Nonvalvular atrial
fibrillation (NVAF) is the most common type of AF and accounts for more than half of all AF cases [6]. NVAF
significantly increases the risk of ischemic stroke – by fivefold – making stroke prevention a critical focus of its
treatment [6,7].

Anticoagulation therapy plays a crucial role in reducing stroke risk for patients with NVAF. Historically, vitamin
K antagonists, such as warfarin, were the primary treatment option for stroke prophylaxis. However, direct oral
anticoagulants (DOACs), such as apixaban, dabigatran and rivaroxaban, have become established as first-line
treatments due to their numerous advantages. DOACs offer ease of administration, rapid onset of action, fewer
drug-drug interactions and reduced monitoring requirements, while demonstrating equal or superior efficacy
compared with warfarin [5,8–14]. Studies have demonstrated that switching from vitamin K antagonists to DOACs
is associated with significant improvements in patient-reported satisfaction and a reduction in adverse events,
ultimately enhancing quality of life [15–17].

Previous literature has also explored discontinuation and switching among patients with NVAF who initiated
oral anticoagulants. For example, Baker et al. reported discontinuation rates of 52.8, 60.3 and 62.9% for apixaban,
rivaroxaban and dabigatran, respectively, with corresponding switch rates of 3.6, 6.3 and 11.1% [18]. Willey et al.
found that 72.7% of patients discontinued oral anticoagulants, with nearly 25% discontinuing within 3 months
and 55% within 12 months of initiation [19], further supporting the high prevalence of treatment discontinuation
reported in NVAF populations.

Research indicates that lower rates of treatment discontinuation and switching are associated with reduced
treatment interruptions, increased adherence and improved clinical outcomes [20–22]. Numerous studies have
shown that discontinuation of oral anticoagulants is linked to a heightened risk of adverse events, including stroke,
bleeding and all-cause mortality [23,24]. In a study of oral anticoagulant treated patients with NVAF using ORBIT-
AF II Registry data by Jackson et al., the adjusted discontinuation rates for warfarin versus DOACs were 7.9%
versus 9.6% and 12.7% versus 15.3% at 6 and 12 months, respectively, and the discontinuation of OACs was
associated with an increased absolute risk of all-cause mortality and CV death [25].

Additionally, patients with AF often face significant challenges in maintaining health-related quality of life [26].
Therefore, therapies that foster favorable treatment patterns – characterized by consistent adherence and minimal
discontinuation – are crucial for improving patient outcomes.

Despite treatment guidelines advocating for DOAC use and DOAC utilization outpacing that of warfarin,
research has demonstrated racial disparities in treatment patterns among patients with NVAF in the US [15,27,28].
Black patients with AF experience have higher rates of stroke and mortality compared with White patients [29], how-
ever, studies have shown that White patients are more likely to receive treatment with an oral anticoagulant [30,31].
In a study conducted in England, Black and other ethnic minority patients were 22 and 24% less likely to receive
oral anticoagulation, respectively, compared with White patients [32].
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Study period: 1 July 2018 through 30 June 2023

Identification period: 1 January 2019 through 31 December 2022

1 Jul 2018 1 January 2019 31 December 2022 30 June 2023
NVAF

diagnosis

Index date
(oral anticoagulant

initiation date)

Baseline period

6 months prior to index date

Washout period: 
no evidence of oral

anticoagulant treatment
during the baseline period

Period to assess baseline and
clinical characteristics

Follow-up period

From a day after index date until the
earliest of discontinuation, disenrollment,

death, or end of study period

Period to assess treatment outcomes
(discontinuation and switch)

Figure 1. Study design.
NVAF: Nonvalvular atrial fibrillation.

While existing literature highlights the presence of racial health inequities in the initiation of oral anticoagulant
treatment and clinical outcomes, there is little evidence characterizing NVAF treatment patterns among racial
groups after initiation of treatment, specifically regarding discontinuation and switching of therapy. To address this
knowledge gap and enhance understanding of oral anticoagulant treatment patterns among different race/ethnicity
groups, this study aims to characterize the variation in treatment patterns among patients with NVAF who were
prescribed DOACs or warfarin in the US. To our knowledge, this study is the first to report on discontinuation
and switching trends for DOACs and warfarin across different race/ethnicity groups.

Materials & methods
Data source
This study was a retrospective cohort analysis using data from the Komodo Healthcare Map Database to evaluate
the treatment patterns among insured patients with NVAF who were prescribed oral anticoagulants. At the time of
the study, Komodo data encompassed over 65 billion de-identified clinical, pharmacy and laboratory encounters for
more than 320 million patients enrolled in US healthcare plans, including commercial, Medicare Advantage and
Medicaid managed care plans, since 2012. Among these patients, over 140 million have closed claims from more than
150 payers [33]. The data provides Census-level representation across diverse patient populations, including hospital
networks, physician networks, healthcare claim processing companies, pharmacies and health insurers. This study
utilized closed claims, which are healthcare encounters obtained directly from the payer, providing a comprehensive
view of the patient journey. This includes complete medical and/or prescription benefit information, insurance
eligibility and insurer-reported costs. Additionally, mortality data were included to capture death information. The
mortality data were licensed and integrated into the Komodo data through de-identified patient identification
numbers.

As this study was based on secondary, de-identified data that complies with the Health Insurance Portability and
Accountability Act, Institutional Review Board approval was not required. The data that support the findings of
this study are available from the corresponding author upon reasonable request.

Study design
The study period spanned from 1 July 2018, through 30 June 2023 (Figure 1). Patients were included if they had at
least one prescription claim for a DOAC (apixaban, rivaroxaban or dabigatran) or warfarin during the identification
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period from 1 January 2019 to 31 December 2022. The date of the first prescription claims for either a DOAC or
warfarin during this period was designated as the index date.

Patients were required to have at least one inpatient or two outpatient claims (separated by at least 7 days) that
were mutually exclusive with a diagnosis of AF (ICD-10-CM codes I480–I482 and I4891) prior to the index date
during the study period. Patients were also required to be ≥18 years of age on index date and have continuous
health plan enrollment for at least 6 months prior to the index date, on the index date, and for 6 months following
the index date. The baseline period was defined as the 6 months prior to the index date, while the follow-up period
extended from the day after the index date until the earliest of the following: discontinuation of index DOAC
or warfarin, disenrollment, death or the end of the study period. Patients with evidence of valvular heart disease,
VTE, transient AF, heart valve replacement/transplant or cardiac surgery during the baseline period, and, without
evidence of hip or knee replacement surgery were excluded to avoid confounding due to differing anticoagulation
indications. The detailed selection criteria are represented in Figure 2.

Study cohorts
Outcomes were compared between patients receiving apixaban to those receiving warfarin (apixaban-warfarin
cohort), as well as between patients receiving DOACs (apixaban, dabigatran or rivaroxaban) to those receiving
warfarin (DOAC-warfarin cohort). Since a considerable proportion of patients on DOACs were treated with
apixaban, the apixaban-warfarin cohort was analyzed to gain insights into the treatment patterns. This comparison
was conducted for the overall patient cohort and among, non-Hispanic White (White), non-Hispanic Black
(Black) and Hispanic patients. Patients were assigned to treatment groups based on the treatment they received on
the index date, with those in the apixaban treatment group being a subset of the patients included in the DOAC
treatment group.

Study variables & outcomes
Demographic variables, including age, sex, US geographic region and index year were measured on the index date.
Clinical characteristics were measured during the baseline period (6 months prior to index date) and included the
Charlson Comorbidity Index (CCI) score, risk of stroke measured by the CHA2DS2-VASc (congestive heart failure,
hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism,
vascular disease, aged 65–74 years, sex category) score, risk of bleeding measured by HAS-BLED (hypertension,
abnormal renal and liver function, stroke, bleeding, labile international normalized ratios [INR], elderly, drugs or
alcohol use) score, AF diagnosis setting, AF diagnosis type, baseline comorbidities and baseline medications. Since
INR values were not available in the database, a modified version of HAS-BLED without the INR component was
utilized.

The primary outcomes were time to discontinuation (TTD), time to switch (TTS) and various switching
patterns, which were assessed among patients who discontinued the index treatment. The weighted incidence rate
for treatment outcomes was calculated for all cohorts per 100 person-years. The numerator was the number of
patients who discontinued/switched, and the denominator was the total time at risk (person-years).

Discontinuation was defined as a gap of 60 days or more without a prescription for the indexed oral anticoagulant
after the last day of supply from the most recently filled prescription [34,35]. The discontinuation date was then
recorded as the 60th day following the last day of the prescription supply for the indexed anticoagulant. TTD was
measured in days and calculated from the day after the index date to the date of discontinuation of the index oral
anticoagulant treatment. The discontinuation events did not include switches, and the switching patterns were
observed among patients who discontinued the index oral anticoagulant. A treatment switch was defined as the
first prescription for a different oral anticoagulant other than the index medication following the discontinuation
date and before the study end. TTS was also reported in days, defined as the day after the index date to the date of
a new oral anticoagulant prescription. Among patients who switched, the proportion of patients who switched to
other oral anticoagulants was recorded. Additionally, time to treatment initiation was measured as the number of
days from the first documented NVAF diagnosis to the index date.

A sensitivity analysis was conducted to examine the proportion of discontinued patients and TTD using a gap
of 30 days or more following the last day of supply from the most recently filled prescription.
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Patients with ≥1 pharmacy prescription claim for oral anticoagulants (apixaban, dabigatran, rivaroxaban, or
warfarin) during the identification period (1 January 2019 to 31 December 2022). First prescription claim date

observed was designated as index date.
n = 3,937,616

Patients ≥18 years as of index date and with ≥1 inpatient or ≥2 outpatient claims ≥7 days apart with a diagnosis of
AF in any position 6 months before the index date during the study period (1 July 2018 to 30 June 2023).

n = 1,657,932

Patients with evidence of continuous health plan enrollment with medical and pharmacy benefits for ≥6 months prior
to index date.
n = 842,747

Patients without evidence of valvular heart disease, VTE, transient AF, heart valve replacement/transplant or cardiac
surgery during the baseline period, AND, without evidence of hip or knee replacement surgery within 6 weeks prior to

or on the index date, AND without evidence of pregnancy anytime during the study period.
n = 538,485

Patients without evidence of oral anticoagulant treatment with apixaban, dabigatran, rivaroxaban or warfarin during
the baseline period, and without evidence of apixaban, rivaroxaban, dabigatran or warfarin on the index date

(patients with more than 1 type of index oral anticoagulant on the index date).
n = 303,176

Patients with a death date before index
date and patients with zero days’ supply

were excluded.

Patients with evidence of continuous health plan enrollment with medical and pharmacy benefits for at least 6
months after the index date, including the index date (follow-up period).

n = 241,551

Overall race/ethnicity
White
Black

Hispanic
Asian/Pacific Islander

Other
Unknown

Oral anticoagulant DOAC Apixaban Warfarin
241,511 (100%)
148,810 (62%)
20,326 (8%)
20,575 (9%)
6565 (3%)
5166 (2%)

40,069 (17%)

222,502 (100%)
135,123 (61%)

18,817 (8%)
19,236 (9%)
6168 (3%)
4869 (2%)

38,289 (17%)

176,411 (100%)
108,357 (61%)

15,102 (9%)
14,967 (8%)
4822 (3%)
3760 (2%)

29,403 (17%)

19,009 (100%)
13,687 (72%)

1509 (8%)
1339 (7%)
397 (2%)
297 (2%)
1780 (9%)

Overall, patients with NVAF who initiated oral anticoagulant, n = 241,551
•   DOAC patients, n = 222,502 (92%)

                                Apixaban patients, n = 176,411 (73%)
•   Warfarin patients, n = 19,009 (8%)

Figure 2. Patient selection.
AF: Atrial fibrillation; DOAC: Direct oral anticoagulant; NVAF: Nonvalvular atrial fibrillation; VTE: Venous
thromboembolism.

Statistical analysis
Descriptive statistics were used to analyze the baseline characteristics and study outcomes for DOAC-warfarin
and apixaban-warfarin cohorts in the overall population and White, Black and Hispanic subpopulations. For
continuous variables, mean, standard deviation (SD) and median were reported. For categorical variables, counts
and proportions were reported. Student’s t-test or Wilcoxon rank sum test for continuous variables and chi-
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square test or Fisher’s exact test for categorical variables were used to compare the statistical differences in patient
characteristics and treatment outcomes between the treatment groups and obtain p-values. Standardized mean
differences (SMDs) were also computed and reported to compare the differences in patient characteristics and
treatment outcomes between the treatment groups at baseline. Methods for handling missing data were not
applied, as the proportion of missing values was minimal.

Inverse probability of treatment weighting (IPTW) was used to balance patient characteristics within two separate
comparisons: the apixaban-warfarin cohort and the DOAC-warfarin cohort. IPTW was used when comparing
outcomes between the overall populations and by race/ethnicity within each cohort. The propensity score model
included continuous age, gender, geographic region, NVAF diagnosis type and setting, continuous CCI score,
history of bleeding and stroke, baseline comorbidities not captured in the CCI and baseline medications. The
model also included the index year of treatment as a covariate in the IPTW analysis and thereby allowing to adjust
for any temporal trends in DOAC use during the study period. Additionally, race/ethnicity was included in the
propensity score model for the overall population within each cohort (apixaban-warfarin and DOAC-warfarin).
After the weights were applied, the baseline covariate balance between the treatment groups was assessed, with
variables considered balanced if the SMD was ≤0.1. It is important to note that since the IPTW was calculated
separately for each cohort, the weights applied to warfarin patients could vary between cohorts, leading to differences
in baseline characteristics and outcomes among warfarin patients in the apixaban-warfarin and DOAC-warfarin
cohorts. The proportional hazard assumption was assessed and confirmed for all Cox models used in the outcomes
analyses. Cox proportional hazard models were used to estimate the TTS and TTD, incorporating the IPTW
weights and any baseline covariates that remained unbalanced after weighting. Comparisons were then made
between the study groups (apixaban vs warfarin, DOAC vs warfarin), using the warfarin group as the reference
category. Results were presented as adjusted hazard ratios (aHRs) with 95% CIs, where the aHR represents the
relative risk of the event occurring in one group compared with another, after adjusting for certain covariates
included in the model which were not balanced after IPTW.

This study utilized SQL programming for data gathering, cleaning, and query using Snowflake on the Komodo
server. All statistical analyses were performed using SAS software, version 9.4 (SAS Institute). This study was
compliant with the STROBE (Strengthening the Reporting of Observational studies in Epidemiology) statement.

Results
Baseline characteristics by race/ethnicity
After applying the selection criteria, a total of 195,420 patients with NVAF newly initiated treatment in the
apixaban-warfarin cohort. Of these, 122,044 (62.5%) were White, 16,611 (8.5%) Black, 16,306 (8.3%) Hispanic,
5219 (2.7%) Asian/Pacific Islander, 4057 (2.1%) Other and 31,183 (16.0%) had Unknown race/ethnicity. The
percentages reported are calculated among patients initiating one of the treatments of interest included in the study
(e.g., apixaban, rivaroxaban and dabigatran). Given edoxaban’s small sample size in the study, it was not included
as a treatment of interest and was not part of the denominator for these calculations. For this study, the analysis
focused on both the overall population and the race/ethnicity subgroups, specifically White, Black and Hispanic
patients. The mean age for the overall population in the apixaban-warfarin cohort was 68.7 years, with the following
breakdown of age in years by race/ethnicity: 71.5 for White, 67.2 for Black and 70.3 for Hispanic patients. The
average CHA2DS2-VASc score, which measures stroke risk was 3.5 for the overall cohort, with higher risk scores
among Black and Hispanic patients (4.1 and 4.2, respectively) than White patients (3.7). The mean HAS-BLED
score, which assesses bleeding risk was 3.0 for the overall cohort, with scores of 3.1 for White, 3.4 for Black, and
3.3 for Hispanic patients. Additional patient characteristics in the overall apixaban-warfarin cohort, as well as those
by race/ethnicity and treatment, can be found in Table 1.

A similar race/ethnicity distribution was observed in the DOAC-warfarin cohort, which included 241,511
patients. Of these, 148,810 (61.6%) were White, 20,326 (8.4%) Black, 20,575 (8.5%) Hispanic, 6565 (2.7%)
Asian/Pacific Islander, 5166 (2.1%) Other and 40,069 (16.6%) had Unknown race/ethnicity. This cohort included
patients in the apixaban-warfarin cohort plus those patients who initiated treatment with other DOACs, specifically
with dabigatran or rivaroxaban. Patients in the DOAC-warfarin cohort were similar to those in the apixaban-warfarin
cohort, as shown in Table 2.
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Table 1. Baseline demographic and clinical characteristics of patients initiating apixaban or warfarin in the
overall population and by race/ethnicity.

Overall (n = 195,420) White (n = 122,044) Black (n = 16,611) Hispanic (n = 16,306)

Age in years, mean (SD) 68.7 (12.0) 71.5 (11.0) 67.2 (12.4) 70.3 (12.4)

Median 69.0 72.0 68.0 72.0

Age group in years, n (%)

18–34 years 1350 (0.7%) 460 (0.4%) 185 (1.1%) 135 (0.8%)

35–44 years 4403 (2.3%) 1562 (1.3%) 560 (3.4%) 395 (2.4%)

45–54 years 16,516 (8.5%) 6283 (5.1%) 1765 (10.6%) 1288 (7.9%)

55–64 years 52,432 (26.8%) 24,068 (19.7%) 4240 (25.5%) 3306 (20.3%)

66–74 years 51,561 (26.4%) 36,715 (30.1%) 4858 (29.2%) 4269 (26.2%)

≥75 years 69,158 (35.4%) 52,956 (43.4%) 5003 (30.1%) 6913 (42.4%)

Gender, n (%)

Male 114,268 (58.5%) 69,247 (56.7%) 8400 (50.6%) 8487 (52.0%)

Female 81,152 (41.5%) 52,797 (43.3%) 8211 (49.4%) 7819 (48.0%)

Geographic region, n (%)

Northeast 50,460 (25.8%) 31,843 (26.1%) 4345 (26.2%) 3589 (22.0%)

Mid-West 44,149 (22.6%) 30,992 (25.4%) 3268 (19.7%) 1078 (6.6%)

South 61,786 (31.6%) 36,609 (30.0%) 7053 (42.5%) 5052 (31.0%)

West 30,847 (15.8%) 17,794 (14.6%) 1191 (7.2%) 5540 (34.0%)

Other/Unknown 8178 (4.2%) 4806 (3.9%) 754 (4.5%) 1047 (6.4%)

NVAF diagnosis type, n (%)

Paroxysmal AF 76,037 (38.9%) 47,086 (38.6%) 6076 (36.6%) 6166 (37.8%)

Persistent AF 8372 (4.3%) 5368 (4.4%) 554 (3.3%) 550 (3.4%)

Chronic AF 12,095 (6.2%) 8129 (6.7%) 898 (5.4%) 1156 (7.1%)

Unspecified AF 127,148 (65.1%) 78,171 (64.1%) 11,301 (68.0%) 10,950 (67.2%)

NVAF diagnosis setting†, n (%)

Inpatient only 94,643 (48.4%) 57,506 (47.1%) 8978 (54.0%) 8619 (52.9%)

Outpatient only 100,777 (51.6%) 64,538 (52.9%) 7633 (46.0%) 7687 (47.1%)

Quan-CCI, mean (SD) 2.8 (2.6) 2.8 (2.6) 3.9 (2.8) 3.5 (2.7)

Median 2.0 2.0 3.0 3.0

CHA2DS2-VASc score, mean (SD) 3.5 (1.9) 3.7 (1.8) 4.1 (1.8) 4.2 (1.9)

Median 3.0 4.0 4.0 4.0

HAS-BLED score‡, mean (SD) 3.0 (1.3) 3.1 (1.3) 3.4 (1.3) 3.3 (1.3)

Median 3.0 3.0 3.0 3.0

Baseline comorbidities, n (%)

History of bleeding 24,458 (12.5%) 15,960 (13.1%) 2459 (14.8%) 2260 (13.9%)

History of stroke 42,631 (21.8%) 27,479 (22.5%) 4802 (28.9%) 4062 (24.9%)

Renal disease 59,072 (30.2%) 36,739 (30.1%) 7920 (47.7%) 6259 (38.4%)

Dyspepsia or stomach discomfort 29,761 (15.2%) 17,878 (14.6%) 3248 (19.6%) 3386 (20.8%)

Diabetes 70,611 (36.1%) 41,320 (33.9%) 8493 (51.1%) 8645 (53.0%)

Hypertension 159,977 (81.9%) 100,169 (82.1%) 15,340 (92.3%) 14,522 (89.1%)

Congestive heart failure 63,635 (32.6%) 39,300 (32.2%) 7806 (47.0%) 6442 (39.5%)

Anemia and coagulation defects 55,404 (28.4%) 34,923 (28.6%) 6593 (39.7%) 6123 (37.6%)

Coronary artery disease 76,262 (39.0%) 49,635 (40.7%) 7103 (42.8%) 6971 (42.8%)

† Inpatient only and outpatient only are mutually exclusive categories referring to the setting of the first diagnosis.
‡A modified HAS-BLED score was used without the requirement of labile INR values.
Continuous age, gender, geographic region, NVAF diagnosis type and setting, continuous CCI score, history of bleeding and stroke, baseline comorbidities not listed
in CCI and baseline medications were balanced in all the race/ethnicity groups at the baseline using IPTW. Additionally, race/ethnicity was balanced for overall
cohorts.
ACE: Angiotensin-converting enzyme inhibitor; AF: Atrial fibrillation; ARB: Angiotensin receptor blocker; CCI: Charlson Comorbidity Index; CHA2DS2-VASc: Conges-
tive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism, vascular disease, aged 65–74 years,
sex category; HAS-BLED: Hypertension, abnormal renal and liver function, stroke, bleeding, elderly, drugs and alcohol; INR: International normalized ratio; IPTW:
Inverse probability treatment weighting; NVAF: Nonvalvular atrial fibrillation; SD: Standard deviation; SE: Systemic embolism; SMD: Standardized mean difference.
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Table 1. Baseline demographic and clinical characteristics of patients initiating apixaban or warfarin in the
overall population and by race/ethnicity (cont.).

Overall (n = 195,420) White (n = 122,044) Black (n = 16,611) Hispanic (n = 16,306)

Baseline medications, n (%)

ACEs/ARBs 93,844 (48.0%) 58,000 (47.5%) 8635 (52.0%) 8938 (54.8%)

Beta-blockers 87,023 (44.5%) 55,334 (45.3%) 6466 (38.9%) 6779 (41.6%)

Renin-angiotensin system antagonists 97,164 (49.7%) 60,262 (49.4%) 9037 (54.4%) 9121 (55.9%)

Statin 96,026 (49.1%) 61,453 (50.4%) 8420 (50.7%) 8882 (54.5%)

Inhibitor of warfarin 123,883 (63.4%) 77,458 (63.5%) 11,546 (69.5%) 10,790 (66.2%)

Diuretic 75,027 (38.4%) 47,672 (39.1%) 8281 (49.9%) 6379 (39.1%)

† Inpatient only and outpatient only are mutually exclusive categories referring to the setting of the first diagnosis.
‡A modified HAS-BLED score was used without the requirement of labile INR values.
Continuous age, gender, geographic region, NVAF diagnosis type and setting, continuous CCI score, history of bleeding and stroke, baseline comorbidities not listed
in CCI and baseline medications were balanced in all the race/ethnicity groups at the baseline using IPTW. Additionally, race/ethnicity was balanced for overall
cohorts.
ACE: Angiotensin-converting enzyme inhibitor; AF: Atrial fibrillation; ARB: Angiotensin receptor blocker; CCI: Charlson Comorbidity Index; CHA2DS2-VASc: Conges-
tive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism, vascular disease, aged 65–74 years,
sex category; HAS-BLED: Hypertension, abnormal renal and liver function, stroke, bleeding, elderly, drugs and alcohol; INR: International normalized ratio; IPTW:
Inverse probability treatment weighting; NVAF: Nonvalvular atrial fibrillation; SD: Standard deviation; SE: Systemic embolism; SMD: Standardized mean difference.

Baseline characteristics by treatment pre- & post-IPTW
In the apixaban-warfarin cohort, 90.3% (n = 176,411) of patients initiated treatment with apixaban, while 9.7%
(n = 19,009) initiated treatment with warfarin. This proportion of patients initiating treatment with apixaban
increased from 80.7% in 2019 to 96.4% in 2022.

When comparing apixaban patients to those on warfarin, several differences were observed across the overall
cohort and by race/ethnicity. The apixaban group tended to be younger than the warfarin group (68.4% vs 71.7%
respectively) with the exception of Black patients, had a higher proportion of female patients (41.8% vs 39.4%),
had more patients from the South geographic region of the US (32.6% vs 22.7%), and had fewer patients from
the Mid-West region (21.6% vs 32.1%). Apixaban patients in comparison to warfarin patients also had a lower
proportion of chronic AF (5.0% vs 17.2%) and a higher proportion of paroxysmal AF (39.7% vs 31.2%). They were
more frequently diagnosed in the inpatient setting (50.8% vs 26.6%) and had lower mean CHA2DS2-VASc scores
(except among Hispanic patients), though they had higher mean HAS-BLED scores (Supplementary Table 1). In
the DOAC-warfarin cohort, the differences between patients receiving DOACs and those on warfarin were similar
to those observed in the apixaban-warfarin cohort; however, the differences were significant across all race/ethnicity
groups (Supplementary Table 2).

Post-IPTW baseline characteristics for both the apixaban-warfarin and DOAC-warfarin cohorts overall and by
race/ethnic group are reported in Tables 3 & 4, respectively. Post-IPTW, all baseline characteristics were balanced,
except for age. Therefore, age was adjusted for in the weighted Cox regression analysis when SMD for continuous
age was >0.1 after IPTW. This adjustment was made for the overall cohort, for the White and Hispanic populations
in the apixaban-warfarin cohort, and for the Hispanic population in the DOAC-warfarin cohort.

Baseline characteristics pre- and post-IPTW for race/ethnicity groups that were not included in the analysis
can be found in Supplementary Tables 3 & 4 and include results for Asian/Pacific Islander and other/unknown
race/ethnicity subgroups.

Follow-up period
The treatment outcomes were analyzed and compared in the follow-up period between the treatment groups in the
weighted cohorts. In the apixaban-warfarin cohort, the mean follow-up time was 405.6 days (median = 280.0 days)
for the apixaban treatment group and 370.2 days (median = 239.0 days) for the warfarin treatment group, with
a significant difference (SMD = 0.10). These follow-up periods reflect the duration after applying the censoring
criteria of treatment discontinuation or disenrollment or study end. Among race/ethnicity subgroups, White and
Hispanic patients receiving apixaban had significantly longer mean follow-up times compared with those receiving
warfarin: 419.0 days for apixaban versus 379.3 days for warfarin in White patients (SMD = 0.11) and 388.6 for
apixaban versus 338.7 for warfarin in Hispanic patients (SMD = 0.15). Black patients receiving apixaban were
followed for a longer period (353.2 days) than those receiving warfarin (335.4 days), but this difference was not
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Table 2. Baseline demographic and clinical characteristics of patients initiating direct oral anticoagulants
or warfarin in the overall population and by race/ethnicity.

Overall (n = 241,511) White (n = 148,810) Black (n = 20,326) Hispanic (n = 20,575)

Age in years, mean (SD) 68.3 (12.1) 71.1 (11.2) 66.7 (12.5) 69.8 (12.5)

Median 68.0 72.0 67.0 71.0

Age group in years, n (%)

18–34 years 1898 (0.8%) 650 (0.4%) 257 (1.3%) 181 (0.9%)

35–44 years 6000 (2.5%) 2115 (1.4%) 742 (3.7%) 555 (2.7%)

45–54 years 21,433 (8.9%) 8122 (5.5%) 2231 (11.0%) 1700 (8.3%)

55–64 years 67,032 (27.8%) 30,685 (20.6%) 5325 (26.2%) 4264 (20.7%)

66–74 years 63,445 (26.3%) 44,974 (30.2%) 5940 (29.2%) 5448 (26.5%)

≥75 years 81,703 (33.8%) 62,264 (41.8%) 5831 (28.7%) 8427 (41.0%)

Gender, n (%)

Male 143,514 (59.4%) 85,708 (57.6%) 10,450 (51.4%) 10,978 (53.4%)

Female 97,997 (40.6%) 63,102 (42.4%) 9876 (48.6%) 9597 (46.6%)

Geographic region, n (%)

Northeast 61,316 (25.4%) 38,063 (25.6%) 5220 (25.7%) 4286 (20.8%)

Mid-West 54,452 (22.5%) 37,644 (25.3%) 4035 (19.9%) 1349 (6.6%)

South 76,041 (31.5%) 44,639 (30.0%) 8580 (42.2%) 6409 (31.1%)

West 39,376 (16.3%) 22,516 (15.1%) 1556 (7.7%) 7091 (34.5%)

Other/Unknown 10,326 (4.3%) 5948 (4.0%) 935 (4.6%) 1440 (7.0%)

NVAF diagnosis type, n (%)

Paroxysmal AF 94,902 (39.3%) 57,986 (39.0%) 7484 (36.8%) 7789 (37.9%)

Persistent AF 10,601 (4.4%) 6668 (4.5%) 680 (3.3%) 712 (3.5%)

Chronic AF 15,346 (6.4%) 10,117 (6.8%) 1144 (5.6%) 1566 (7.6%)

Unspecified AF 154,751 (64.1%) 93,933 (63.1%) 13,674 (67.3%) 13,574 (66.0%)

NVAF diagnosis setting†, n (%)

Inpatient only 110,487 (45.7%) 66,400 (44.6%) 10,462 (51.5%) 10,175 (49.5%)

Outpatient only 131,024 (54.3%) 82,410 (55.4%) 9864 (48.5%) 10,400 (50.5%)

Quan-CCI, mean (SD) 2.7 (2.6) 2.7 (2.5) 3.8 (2.8) 3.4 (2.7)

Median 2.0 2.0 3.0 3.0

CHA2DS2-VASc score, mean (SD) 3.4 (1.9) 3.6 (1.8) 4.1 (1.8) 4.1 (1.9)

Median 3.0 4.0 4.0 4.0

HAS-BLED score‡, mean (SD) 3.0 (1.3) 3.1 (1.3) 3.3 (1.3) 3.2 (1.3)

Median 3.0 3.0 3.0 3.0

Baseline comorbidities, n (%)

History of bleeding 28,995 (12.0%) 18,728 (12.6%) 2937 (14.4%) 2715 (13.2%)

History of stroke 50,313 (20.8%) 32,230 (21.7%) 5655 (27.8%) 4868 (23.7%)

Renal disease 69,098 (28.6%) 42,698 (28.7%) 9195 (45.2%) 7532 (36.6%)

Dyspepsia or stomach discomfort 35,923 (14.9%) 21,336 (14.3%) 3923 (19.3%) 4161 (20.2%)

Diabetes 86,135 (35.7%) 49,880 (33.5%) 10,251 (50.4%) 10,787 (52.4%)

Hypertension 196,769 (81.5%) 121,708 (81.8%) 18,750 (92.2%) 18,245 (88.7%)

Congestive heart failure 76,362 (31.6%) 46,740 (31.4%) 9375 (46.1%) 7954 (38.7%)

Anemia and coagulation defects 65,788 (27.2%) 41,230 (27.7%) 7711 (37.9%) 7441 (36.2%)

Coronary artery disease 91,951 (38.1%) 59,404 (39.9%) 8494 (41.8%) 8633 (42.0%)

† Inpatient only and outpatient only are mutually exclusive categories referring to the setting of the first diagnosis.
‡A modified HAS-BLED score was used without the requirement of labile INR values.
Continuous age, gender, geographic region, NVAF diagnosis type and setting, continuous CCI score, history of bleeding and stroke, baseline comorbidities not listed
in CCI and baseline medications were balanced in all the race/ethnicity groups at the baseline using IPTW. Additionally, race/ethnicity was balanced for overall
cohorts.
ACE: Angiotensin-converting enzyme inhibitor; AF: Atrial fibrillation; ARB: Angiotensin receptor blocker; CCI: Charlson Comorbidity Index; CHA2DS2-VASc: Conges-
tive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism, vascular disease, aged 65–74 years,
sex category; HAS-BLED: Hypertension, abnormal renal and liver function, stroke, bleeding, elderly, drugs and alcohol; INR: International normalized ratio; IPTW:
Inverse probability treatment weighting; NVAF: Nonvalvular atrial fibrillation; SD: Standard deviation; SE: Systemic embolism; SMD: Standardized mean difference.
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Table 2. Baseline demographic and clinical characteristics of patients initiating direct oral anticoagulants
or warfarin in the overall population and by race/ethnicity (cont.).

Overall (n = 241,511) White (n = 148,810) Black (n = 20,326) Hispanic (n = 20,575)

Baseline medications, n (%)

ACEs/ARBs 115,279 (47.7%) 70,353 (47.3%) 10,564 (52.0%) 11,247 (54.7%)

Beta-blockers 108,003 (44.7%) 67,663 (45.5%) 7958 (39.2%) 8549 (41.6%)

Renin-angiotensin system antagonists 82,201 (34.0%) 49,021 (32.9%) 9336 (45.9%) 7405 (36.0%)

Statin 119,337 (49.4%) 73,099 (49.1%) 11,041 (54.3%) 11,487 (55.8%)

Inhibitor of warfarin 117,029 (48.5%) 74,138 (49.8%) 10,125 (49.8%) 11,125 (54.1%)

Diuretic 91,536 (37.9%) 57,546 (38.7%) 10,086 (49.6%) 7989 (38.8%)

† Inpatient only and outpatient only are mutually exclusive categories referring to the setting of the first diagnosis.
‡A modified HAS-BLED score was used without the requirement of labile INR values.
Continuous age, gender, geographic region, NVAF diagnosis type and setting, continuous CCI score, history of bleeding and stroke, baseline comorbidities not listed
in CCI and baseline medications were balanced in all the race/ethnicity groups at the baseline using IPTW. Additionally, race/ethnicity was balanced for overall
cohorts.
ACE: Angiotensin-converting enzyme inhibitor; AF: Atrial fibrillation; ARB: Angiotensin receptor blocker; CCI: Charlson Comorbidity Index; CHA2DS2-VASc: Conges-
tive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack or thromboembolism, vascular disease, aged 65–74 years,
sex category; HAS-BLED: Hypertension, abnormal renal and liver function, stroke, bleeding, elderly, drugs and alcohol; INR: International normalized ratio; IPTW:
Inverse probability treatment weighting; NVAF: Nonvalvular atrial fibrillation; SD: Standard deviation; SE: Systemic embolism; SMD: Standardized mean difference.

significant (SMD = 0.06). In the DOAC-warfarin cohort, patients receiving DOACs were followed for longer than
patients receiving warfarin. However, this difference was only significant among Hispanic patients (Table 5).

Time to treatment initiation
Overall, the average time to treatment initiation was shorter for apixaban compared with warfarin (60.8 vs
78.9 days, respectively; SMD = 0.27). This trend was consistent across all race/ethnicity groups in the apixaban-
warfarin cohort. In the DOAC-warfarin cohort, the time to treatment initiation was longer for all treatments across
all race/ethnicity groups compared with the apixaban-warfarin cohort. However, similar to the apixaban-warfarin
cohort, the time to initiation of DOACs was shorter than the time to initiation of warfarin overall and within each
race/ethnicity group (Table 5).

Treatment discontinuation
In the apixaban-warfarin cohort, 61.9% (n = 109,162) of patients discontinued apixaban compared with 76.3%
(n = 15,051) who discontinued warfarin therapy (SMD = 0.31) during the follow-up period. Similar trends
were observed across race/ethnicity groups: White (60.0% vs 76.4%, SMD = 0.35), Black (67.5% vs 77.8%,
SMD = 0.23) and Hispanic (63.9% vs 77.3%, SMD = 0.30). TTD was not significantly different between apixaban
and warfarin overall (282.7 days vs 292.3 days, SMD = 0.04) or among the race/ethnicity subgroups. However,
the incidence rate for discontinuation was statistically significantly lower in the apixaban group compared with
the warfarin groups, both overall (55.7 vs 75.3 per 100 person-years, p < 0.0001) and within each race/ethnicity
group: White (52.3 vs 73.5 per 100 person-year, p < 0.0001), Black (69.8 vs 84.7 per 100 person-year, p <

0.0001) and Hispanic (60.0 vs 83.4 per 100 person-year, p < 0.0001).
Patients who initiated apixaban were 24% less likely to discontinue treatment compared with those who initiated

warfarin (aHR: 0.76, 95% CI: 0.75–0.77). When examining discontinuation rates by race/ethnicity within the
apixaban group, White patients were 27% less likely to discontinue treatment (aHR: 0.73, CI: 0.71–0.74), Black
patients were 15% less likely to discontinue (aHR: 0.85, CI: 0.80–0.90), and Hispanic patients were 25% less
likely to discontinue (aHR: 0.75, CI: 0.71–0.80). These results highlight the reduced likelihood of treatment
discontinuation among different race/ethnicity groups within those who initiate apixaban when compared with
those who initiate warfarin. The sensitivity analysis showed similar trends for treatment discontinuation, but with
a higher proportion of discontinuation and shorter TTD than the main analysis due to the smaller gap in defining
discontinuation (Supplementary Table 5).

Trends were similar in the DOAC-warfarin cohort overall and by race/ethnicity group (Table 6).

Treatment switching
In the apixaban-warfarin cohort, 5.0% (n = 8941) of patients switched from apixaban to warfarin or another
DOAC (dabigatran or rivaroxaban) compared with 31.0% (n = 6121) who switched from warfarin to a DOAC

10.57264/cer-2025-0057 J. Comp. Eff. Res. (2025) e250057
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Table 6. Risk of discontinuation and switching in apixaban-warfarin and direct oral anticoagulants-
warfarin cohorts.

Apixaban-warfarin cohort DOAC-warfarin cohort

HR (95% CI) p-value† HR (95% CI) p-value†

Overall

Discontinuation 0.76 (0.75–0.77) �0.0001 0.77 (0.76–0.79) <0.0001

Switch 0.21 (0.20–0.22) �0.0001 0.23 (0.23–0.23) <0.0001

White

Discontinuation 0.73 (0.71–0.74) �0.0001 0.75 (0.73–0.76) <0.0001

Switch 0.17 (0.17–0.18) �0.0001 0.23 (0.22–0.24) <0.0001

Black

Discontinuation 0.85 (0.80–0.90) �0.0001 0.85 (0.80–0.90) <0.0001

Switch 0.23 (0.21–0.26) �0.0001 0.23 (0.21–0.26) <0.0001

Hispanic

Discontinuation 0.75 (0.71–0.80) �0.0001 0.77 (0.73–0.82) <0.0001

Switch 0.16 (0.15–0.18) �0.0001 0.22 (0.20–0.24) <0.0001

†p-values were derived from regression models for time to event outcomes. p � 0.05 were considered significant, and are in boldface.
DOAC: Direct oral anticoagulant; HR: Hazard ratio.

(SMD = 0.71). This switching pattern was consistent across race/ethnicity groups: White (5.0% vs 29.8%,
SMD = 0.68), Black (5.3% vs 34.7%, SMD = 0.79) and Hispanic (5.4% vs 33.6%, SMD = 0.75).

Among apixaban patients who switched (n = 8941), 67.9% transitioned to rivaroxaban, 29.0% to warfarin and
3.1% to dabigatran. These trends were similar across race/ethnicity groups, however, a larger proportion of Hispanic
patients receiving apixaban switched to rivaroxaban (72.8%) than White (64.8%) and Black (67.2%) patients.
Among warfarin patients who switched, 77.2% switched to apixaban, 22.3% to rivaroxaban and 0.5% to dabigatran.
A larger proportion of White patients switched to apixaban (80.2%) than Black (76.1%) and Hispanic (76.0%)
patients. Figure 3 shows switching patterns in the apixaban versus warfarin cohort overall and by race/ethnicity.

The incidence rate for switching was statistically significantly lower in the apixaban group compared with the
warfarin group overall (6.3 vs 31.5 per 100 person-years, p < 0.0001) and across race/ethnicity groups: White
(6.0 vs 29.7, p < 0.0001), Black (7.2 vs 37.2, p < 0.0001) and Hispanic (6.8 vs 36.0, p < 0.0001). Patients
who initially initiated apixaban were 79% less likely to switch to another oral anticoagulant (aHR: 0.21, 95% CI:
0.20–0.22) compared with those who discontinued warfarin. These results were consistent across race/ethnicity
groups: White 83% less likely (aHR: 0.17, CI: 0.17–0.18), Black 77% less likely (aHR: 0.23, CI: 0.21–0.26) and
Hispanic patients 84% less likely (aHR: 0.16, CI: 0.15–0.18). The TTS was shorter for patients on apixaban than
for those on warfarin (398.9 vs 429.1 days, SMD = 0.09); however, it was only significant among White patients
(388.3 vs 436.4 days, SMD = 0.14).

Switching patterns for the DOAC-warfarin cohort are presented in Figure 4. For patients who switch from
their index DOAC therapy, the top three common switching patterns for individual agents were rivaroxaban to
apixaban (85.9%), dabigatran to apixaban (69.8%) and dabigatran to rivaroxaban (25.3%). Among patients who
discontinued warfarin (n = 6074), 77.0% switched to apixaban, 22.5% switched to rivaroxaban and 0.6% switched
to dabigatran. These results were consistent across the various race/ethnicity groups (Figure 4).

In the DOAC-warfarin cohort, the incidence rate for switching was also significantly lower in the DOAC group
compared with the warfarin group, both overall and within each race/ethnicity group. Patients who discontinued
DOAC were 77% less likely to switch to another oral anticoagulant (aHR: 0.23, 95% CI: 0.23–0.23), with similar
results across all race/ethnicity groups: White patients were 77% less likely (aHR: 0.23, CI: 0.22–0.24), Black
patients were 77% less likely (aHR: 0.23, CI: 0.21–0.26) and Hispanic patients were 78% less likely (aHR: 0.22,
CI: 0.20–0.24). TTS rates in the DOAC-warfarin cohort were similar to those in the apixaban-warfarin cohort;
however, the differences were not significant overall or within any of the race/ethnicity groups.

Discussion
This large retrospective study of patients with NVAF in the US compared treatment patterns between patients
on DOACs (including apixaban) and those on warfarin across both apixaban-warfarin and DOAC-warfarin

10.57264/cer-2025-0057
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Dabigatran

Rivaroxaban

Dabigatran
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Figure 3. Sankey figures representing switching patterns in apixaban-warfarin cohort.

cohorts. The study found that patients taking apixaban and DOACs had lower rates of discontinuation and
switching compared with those taking warfarin, both overall and across different race/ethnicity groups. However,
the magnitude of the differences varied by race/ethnicity, with Black and Hispanic patients having a higher
incidence of switch and discontinuation than White patients. However, White and Hispanic patients had a lower
risk of switching and discontinuing therapy than Black patients. To the best of our knowledge at the time of this
research, this is the first comprehensive analysis of discontinuation and switching trends for DOACs across multiple
race/ethnicity groups.

Although minority patients have a lower risk of AF [36], they often face worse clinical outcomes, including a
higher risk of stroke [37]. While DOACs offer several advantages over warfarin, poorer outcomes among minority
patients may be partly attributed to differences in the use of oral anticoagulants, particularly in the initiation of
DOACs among Black and Hispanic patients [31,38–42]. Literature suggests that treatment initiation with DOACs
has been less likely in Black and Hispanic patients compared with White patients [30,31]. However, the current study
suggests that these differences are narrowing over time. In 2019, 82.7% of White, 86.7% of Black and 87.7% of
Hispanic patients who started oral anticoagulant treatment initiated DOAC therapy. By the end of 2022, these rates
had increased to 96.7% for White, 97.1% for Black and 97.5% for Hispanic patients. These findings align with a
recent study of a Medicare population, which found that in 2019, 90.4% of White, 92.5% of Black and 90.8% of
Hispanic patients initiating oral anticoagulant therapy started on a DOAC [41]. This increase in DOAC initiation,
favorable treatment patterns and anticoagulant adherence could naturally lead to improved clinical outcomes and
quality of life over time.

While the race/ethnicity gap in the initiation of oral anticoagulants or DOAC treatment among patients with
NVAF has been narrowing, it remains essential to examine potential differences in treatment patterns among those
already receiving oral anticoagulation therapy. Understanding these patterns is crucial as research shows that lower
rates of treatment discontinuation and medication switching are linked to fewer interruptions in treatment, better
treatment adherence and improved clinical outcomes [20–22]. Conversely, studies have shown that discontinuing oral

10.57264/cer-2025-0057 J. Comp. Eff. Res. (2025) e250057
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anticoagulants increases the risk of adverse events, including stroke, bleeding and death [23,24]. Similarly, switching
medications can lead to negative clinical outcomes, such as an increased risk of stroke, systemic embolism, major
bleeding and other harmful outcomes compared with remaining on the same medication [43]. Therefore, any
race/ethnicity differences in treatment patterns may contribute to differences in clinical outcomes for patients with
NVAF.

In this study, patients who initiated apixaban or a DOAC were less likely to discontinue treatment or switch
to another medication compared with those who had initiated warfarin across all race/ethnicity groups. These
findings are consistent with previous research, which has demonstrated lower discontinuation rates for DOACs and
apixaban compared with warfarin [40,44], as well as reduced rates of medication switching [45]. However, the extent
of the reduction in the risk of discontinuation and switching from apixaban or a DOAC compared with warfarin
varied across race/ethnicity groups in this study. While Black and Hispanic patients had a higher incidence rate of
discontinuation and switching after being prescribed oral anticoagulants (both DOACs and warfarin) than White
patients, White and Hispanic patients experienced the greatest reduction in discontinuation and switching risk
when using apixaban instead of warfarin. In contrast, Black patients showed the least reduction in risk for both
discontinuation and switching with apixaban or DOAC compared with warfarin. Specifically, White patients were
27%, Black patients were 15% and Hispanic patients were 25% less likely to discontinue apixaban compared with
warfarin. Among those who initiated apixaban, 83% of White, 77% of Black and 84% of Hispanic patients were
less likely to switch to another oral anticoagulant compared with those who initiated warfarin. These findings were
consistent with the DOAC-warfarin cohort.

Of the patients who switched treatments, the most common switching patterns were switching from their index
anticoagulant to apixaban, followed by switching from index anticoagulant to rivaroxaban. Across all race/ethnicity
groups, patients receiving warfarin had a greater likelihood of switching to another oral anticoagulant after discon-
tinuation compared with those who discontinued a DOAC. Further research is needed to better understand the
factors driving these treatment differences throughout the course of therapy. Such insights would help healthcare
providers identify and address barriers to access, ensuring that all patients, particularly Black patients, receive
optimal, guideline-recommended treatment.

Our analysis sheds light on the important race/ethnicity differences in treatment patterns among patients
with NVAF who initiated therapy with either DOAC or warfarin. Understanding these differences is crucial for
tailoring treatment strategies that are equitable and effective across diverse populations. By identifying variations
in discontinuation and switching rates, these findings can inform healthcare providers about potential barriers to
adherence and the need for targeted interventions. As evidenced in a recent study, disadvantaged groups such as
Black, elderly with ≥75 years, being male, lacking commercial insurance, unemployed/retired are associated with
nonadherence in oral anticoagulant treatment [46]. Ultimately, this analysis not only enhances our understanding of
treatment dynamics but also supports efforts to improve outcomes and ensure that all patients receive optimal care
based on their unique demographic characteristics. The study also provides an opportunity to explore non-medical
discontinuation and switch patterns among NVAF patients of different race/ethnicity. As per Ingham et al. [47], the
majority of patients with NVAF who discontinued or switched DOACs in the first quarter of the study, remained
untreated later in the year compared with those who discontinued or switched later in the year, and thereby
suggesting a potential long-term impact of non-medical discontinuation and switching.

This study has some limitations due to the nature of retrospective observational study designs. One potential
source of bias is the high proportion of patients using apixaban or other DOACs, which may have influenced the
results, although previous studies have similar proportions of patients on DOACs compared with warfarin. Residual
confounding is possible due to other potential confounders not being available in the claims data. However, this
study included specific inclusion criteria and IPTW methodology to balance baseline differences, which may help
minimize or eliminate confounding. Additionally, the presence of a claim for a filled prescription does not guarantee
actual medication adherence, potentially leading to an overestimation of oral anticoagulant utilization. The study
excluded edoxaban, which may have affected the proportion of discontinuation and switch due to some of the
missed events. However, given its small sample size, we believe that this may not have affected the main results or
generalizability to DOACs. Finally, an inconsistency was observed between incidence analyses and time-to-event
analyses. Incidence rates provide a crude measure of the frequency of events over time but do not account for
censoring or the timing of events. In contrast, time-to-event analyses account for censoring and provide a more
detailed understanding of event timing. These methodological differences may explain the discrepancies observed.
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Conclusion
This study contributes to the existing literature by examining race/ethnicity differences in treatment patterns
among patients with NVAF who initiated therapy with a DOAC or warfarin. This study found that the risk of
discontinuation and switching was lower among patients receiving apixaban (in the apixaban-warfarin cohort) or
other DOACs (in the DOAC-warfarin cohort) compared with those on warfarin, across all race/ethnicity groups.
However, the magnitude of this difference varied. While Black and Hispanic patients were more likely to discontinue
or switch therapies than White patients, White and Hispanic patients experienced a greater benefit from apixaban
and DOACs in reducing discontinuation and switching. Black patients, however, showed a smaller benefit, with
less reduction in these risks. Given the potential clinical implications of DOAC discontinuation and switching,
further research is needed to explore the underlying factors contributing to these differences. Understanding these
factors will be crucial for addressing treatment gaps and improving outcomes for patients with NVAF, particularly
among underrepresented race/ethnicity groups.

Summary points

• Atrial fibrillation (AF) is the most common cardiac arrhythmia in the US, with non-valvular AF (NVAF) significantly
increasing stroke risk, making anticoagulation therapy essential for stroke prevention.

• Racial/ethnic disparities in NVAF treatment patterns persist despite guideline recommendations for DOAC use.
While previous studies highlight racial health inequities in anticoagulant initiation and outcomes, there is limited
evidence on treatment patterns (e.g., discontinuation and switching) among racial/ethnic groups after starting
therapy.

• This study examined treatment patterns (discontinuation or switching) among NVAF patients initiating direct oral
anticoagulants (DOACs) versus warfarin across White, Black and Hispanic patients in the US, among
apixaban-warfarin and DOAC-warfarin cohorts.

• Statistical methods included descriptive statistics for baseline characteristics and study outcomes. Inverse
probability of treatment weighting was used to balance baseline characteristics, and a Cox proportional hazards
model assessed adjusted hazard ratios (aHR) and 95% confidence interval (CI).

• Patients on apixaban were found to be 24% less likely to discontinue treatment (aHR: 0.76) and 79% less likely to
switch to another anticoagulant (aHR: 0.21) compared with warfarin users. However, the magnitude of these
differences varied across racial/ethnic groups. Black patients experienced higher rates of treatment
discontinuation (68%) than White (60%) and Hispanic (63%) patients.

• The incidence rate of treatment discontinuation was significantly lower in the apixaban group compared with
the warfarin group. Overall, the rates were 55.7 versus 75.3 per 100 person-years (p < 0.0001), and this pattern
was consistent across all race/ethnicity groups: White patients had discontinuation rates of 52.3 versus 73.5 per
100 person-years (p < 0.0001), Black patients had rates of 69.8 versus 84.7 (p < 0.0001) and Hispanic patients had
rates of 60.0 versus 83.4 (p < 0.0001).

• Patients on apixaban were 79% less likely to switch to another oral anticoagulant (aHR: 0.21, 95% CI: 0.20–0.22)
compared with those on warfarin. This reduction in switching was observed across all racial/ethnic groups but
varied in magnitude. White patients were 83% less likely to switch, Black patients were 77% less likely and
Hispanic patients were 84% less likely.

• The incidence rate for switching was also significantly lower in the apixaban group compared with the warfarin
group. Overall, the rates were 6.3 versus 31.5 per 100 person-years (p < 0.0001), with similar reductions seen in all
race/ethnic groups: White patients had switching rates of 6.0 versus 29.7 (p < 0.0001), Black patients 7.2 versus
37.2 (p < 0.0001) and Hispanic patients 6.8 versus 36.0 (p < 0.0001).

• Almost 5% of apixaban patients switched to another anticoagulant, compared with 31% of warfarin patients.
Among those switching from warfarin, 77% started apixaban.

• The results in the apixaban-warfarin cohort are similar in the DOAC-warfarin cohort overall and by race/ethnicity
group.

• While patients on apixaban and DOACs had lower rates of discontinuation and switching compared with warfarin
users overall and across racial/ethnic groups, the magnitude of the differences varied by race/ethnicity. Black and
Hispanic patients had higher incidence rates of switching and discontinuation compared with White patients, but
both White and Hispanic patients had lower risks of switching and discontinuing compared with Black patients.

• Further research is needed to understand the underlying reasons for treatment discontinuation and switching by
race/ethnicity groups to improve differences in treatment patterns and subsequent outcomes among patients
with NVAF.
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