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ABSTRACT

Introduction: This study aims to assess the risk
of direct oral anticoagulant (DOAC) discontin-
uation among Medicare beneficiaries with non-
valvular atrial fibrillation (NVAF) who reach the
Medicare coverage gap stratified by low-income
subsidy (LIS) status and the impact of DOAC
discontinuation on rates of stroke and systemic
embolism (SE) among beneficiaries with
increased out-of-pocket (OOP) costs due to not
receiving LIS.
Methods: In this retrospective cohort study,
Medicare claims data (2015–2020) were used to
identify beneficiaries with NVAF who initiated
rivaroxaban or apixaban and entered the cov-
erage gap during C 1 year. DOAC

discontinuation rates during the coverage gap
were stratified by receipt of Medicare Part D
Low-Income Subsidy (LIS), a proxy for not
experiencing increased OOP costs. Among non-
LIS beneficiaries, incidence rates of stroke and
SE during the subsequent 12 months were
compared between beneficiaries who did and
did not discontinue DOAC in the coverage gap.
Results: Among 303,695 beneficiaries, mean
age was 77.3 years, and 28% received LIS. After
adjusting for baseline differences, non-LIS ben-
eficiaries (N = 218,838) had 78% higher risk of
discontinuing DOAC during the coverage gap
vs. LIS recipients (adjusted hazard ratio [aHR],
1.78; 95% CI [1.73, 1.82]). Among non-LIS
beneficiaries, DOAC discontinuation during
coverage gap (N = 91,397; 34%) was associated
with 14% higher risk of experiencing stroke and
SE during the subsequent 12 months (aHR,
1.14; 95% CI [1.08, 1.20]).
Conclusion: Increased OOP costs during Medi-
care coverage gap were associated with higher
risk of DOAC discontinuation, which in turn
was associated with higher risk of stroke and SE
among beneficiaries with NVAF.
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Key Summary Points

Why carry out this study?

Reduced adherence and persistence of
direct oral anticoagulants (DOACs) use are
associated with increased risk of poor
clinical outcomes including increased risk
of stroke and systemic embolism (SE)
among Medicare beneficiaries

Increased out-of-pocket (OOP) costs that
Medicare beneficiaries experience during
the Medicare coverage gap phase may lead
to reduced adherence and persistence of
DOACs

We examined the implications of
increases in OOP costs during the
Medicare coverage gap on patterns of
DOAC use and incidence of stroke and SE
among beneficiaries with non-valvular
atrial fibrillation

What was learned from this study?

Medicare beneficiaries not receiving
financial assistance via the low-income
subsidy (LIS) had a significantly higher
risk of discontinuing DOACs compared to
those receiving subsidies to shield them
from increased OOP costs, which
subsequently increased the risk of serious
cardiovascular events (stroke and SE)

Reducing shifts in cost sharing burden
could minimize medication
discontinuation and improve overall
health of vulnerable populations

INTRODUCTION

Newer branded direct oral anticoagulants
(DOACs), including rivaroxaban, apixaban, and
dabigatran, have been shown to reduce the risk
of cardiovascular events (CVEs), such as stroke
and systemic embolism (SE), and mortality in
patients with atrial fibrillation (AF) [1–3]. The

reduced risk resulting from DOAC use is
dependent upon adherence and persistence to
the medication. Prior research has found that
suboptimal adherence and persistence with
DOACs is common, with one in three patients
demonstrating adherence to their DOACs\
80% of the time [4, 5], which in turn are asso-

ciated with poor clinical outcomes including
increased risk of stroke and SE [4].

Recent real-world evidence has shown that
adherence and persistence to DOACs are par-
ticularly low among Medicare beneficiaries
[6, 7]. Many Medicare beneficiaries receive pre-
scription drug coverage through Medicare Part
D. These plans have a feature called the cover-
age gap in which beneficiaries are required to
pay a substantial share of their drug costs until
they reach a prespecified yearly maximum for
out-of-pocket (OOP) drug spending (‘‘catas-
trophic threshold’’). Once beneficiaries reach
the catastrophic threshold, they are responsible
for paying the greater of either the maximum
amount for generic or brand-name drugs, or 5%
of the total drug cost [8]. With the implemen-
tation of the Affordable Care Act (ACA), the cost
sharing burden on beneficiaries has been
reduced. Nonetheless, beneficiaries continue to
experience high OOP costs during the coverage
gap, which has been associated with cost-re-
lated non-adherence and discontinuation of
drugs [9–11]. In contrast, studies have shown
that Medicare beneficiaries who receive ‘‘Extra
Help’’ through the Low-Income Subsidy (LIS),
which reduces or eliminates this cost sharing
burden during the coverage gap, are less likely
to reduce adherence to or discontinue their
medications compared to beneficiaries who did
not receive ‘‘Extra Help’’ during the coverage
gap [12–14].

This study aims to build upon the existing
literature by highlighting the implications of
potential increases in OOP costs during the
Medicare coverage gap phase for patterns of
DOAC use and incidence of stroke and SE among
beneficiaries with non-valvular atrial fibrillation
(NVAF). In particular, the study addresses the
following objectives: (1) assess DOAC discon-
tinuation rates after reaching the coverage gap
stratified by the receipt of LIS, a proxy for not
experiencing increased OOP costs, among
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Medicare beneficiaries with NVAF who reached
the coverage gap and (2) evaluate the impact of
DOAC discontinuation during the Medicare
coverage gap on rates of stroke and SE during the
subsequent 12 months among Medicare benefi-
ciaries with NVAF who did not receive LIS, and
therefore experienced an increase in OOP costs.
Consistent with prior studies [14], LIS status was
selected as a proxy for increased OOP costs as
opposed to using OOP costs directly, since post-
ACA, availability of LIS is the key mechanism for
reduced OOP burden during the coverage gap
for beneficiaries with otherwise similar profiles.
Indeed, in our exploration of OOP costs before
and during the coverage gap, we found that
those receiving LIS did not experience a change
in their OOP costs during the coverage gap
whereas those not receiving LIS did (see Sup-
plementary Material—Table S2).

METHODS

Data Source

The 100% Medicare Fee-For-Service (FFS) data in
the Standard Analytical File (SAF) format were
used, including Parts A, B (1/1/2015–12/31/
2020), and D (1/1/2015–12/31/2019). The data
use agreement was approved by the Centers for
Medicare and Medicaid Services (CMS) [15]. The
data contained information on beneficiary
demographics, diagnostic and procedure codes,
medications dispensed, dates of service, place of
service, type of provider, and costs paid by
Medicare. The data were de-identified and
complied with the Health Insurance Portability
and Accountability Act (HIPAA) and the Decla-
ration of Helsinki of 1964; therefore, an insti-
tutional review board (IRB) exemption was
obtained per Title 45 of CFR, Part 46.101(b)(4)
(18) from WCG IRB.

Study Design

A retrospective observational design was used.
Beneficiaries newly initiating rivaroxaban or
apixaban—the two most commonly used
DOACs for treatment of NVAF in the US—in

2015–2019 and entering the coverage gap dur-
ing at least one calendar year after treatment
initiation, as identified via the ‘‘Benefit Phase’’
and ‘‘Catastrophic Coverage Code’’ variables in
the Part D data files, were included in the study.

Study Populations

For both objectives, beneficiaries were included
in the study if they met the following criteria:
(1) C 1 dispensing of rivaroxaban or apixaban in
2015–2019; (2) C 1 inpatient (IP) NVAF diag-
nosis or C 2 outpatient (OP) NVAF diagnoses
before the first claim for rivaroxaban or apixa-
ban; (3) reached the Medicare coverage gap after
the first dispensing of rivaroxaban or apixaban
in at least one calendar year during the study
period; (4) C 65 years of age on index date (de-
scribed below); (5) continuous enrollment in
Medicare Part A, B, and D C 6 months prior to
and C 1 month after the index date.

For objective 1, beneficiaries were classified
into either the LIS cohort if they received LIS in
the calendar year leading up to or during the
coverage gap or the non-LIS cohort elsewise
(index date = start of coverage gap). For objec-
tive 2, the non-LIS cohort was further classified
into two sub-cohorts: the discontinue cohort,
including those who discontinued DOACs
before exiting the coverage gap (index date =
date of discontinuation), and the non-discon-
tinue cohort otherwise (index date = end of
coverage gap). Based on clinical input, discon-
tinuation was defined as the earliest of the fol-
lowing events: (1) a gap of at least 30 days in the
days of supply for DOACs between the end of a
dispensing and the next fill; (2) a gap of at least
30 days in the days of supply for DOACs
between the end of a dispensing and the end of
follow-up period; (3) a switch to generic war-
farin with no additional fills for DOACs for at
least 30 days after the switch. Switches between
rivaroxaban and apixaban or to other DOACs
(e.g., edoxaban, betrixaban, and dabigatran)
were not considered discontinuation events.

For both objectives, the baseline period
spanned 6 months prior to the index date. For
objective 1, the follow-up period spanned from
the index date to the earliest date of treatment
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discontinuation, end of coverage gap, or data
availability (Supplementary Material—Fig. S1).
For objective 2, the follow-up period spanned
from the index date to the earliest date of the
end of 12 months after index date or end of data
availability (Supplementary Material—Fig. S2).

Beneficiaries were excluded from all analyses
if they met any of the following criteria to
minimize confounding: (1) C 1 claim for war-
farin use during baseline; (2) C 1 diagnosis of
stroke or SE during the 30 days prior to or on
the index date; (3) C 1 claim for mitral stenosis,
mechanical heart-valve procedure, organ/tissue
transplant, hip or knee replacement, or venous
thromboembolism (VTE) during the baseline
period; (4) C 1 diagnosis of renal failure or end
stage renal disease (ESRD), or kidney transplant,
or cancer during the baseline period. In addi-
tion, to increase the likelihood that beneficia-
ries were using DOACs while entering the
coverage gap, beneficiaries with no evidence of
DOACs use in the 30 days prior to the coverage
gap were excluded. Furthermore, for objective 2,
beneficiaries with dual eligibility for Medicare
and Medicaid during baseline period and
1 month after index date were also excluded.

Measures

Baseline Characteristics
Beneficiary characteristics measured during the
baseline period for both objectives included
demographics (i.e., age, gender, region of resi-
dence, and race), year of index date, baseline
comorbidity scores (i.e., the congestive heart
failure, hypertension, age, diabetes mellitus,
prior stroke or TIA or thromboembolism, vas-
cular disease, age, sex category [CHA2DS2-VASc]
[16], and the hypertension, abnormal renal/
liver function, stroke, bleeding history or pre-
disposition, labile international normalized
ratio [INR], elderly [age C 65 years], drugs/alco-
hol concomitantly [HAS-BLED] score [17],
Quan-Charlson comorbidity index [CCI] [18]),
stroke and SE risk factors (i.e., arrhythmia,
hypertension, coronary artery disease, periph-
eral artery disease, hyperlipidemia, obesity, and
smoking), medication use (e.g., cardiovascular-
related medications and anti-hyperglycemic

agents), all-cause healthcare costs, months of
follow-up, duration of DOAC treatment prior to
index date, and month of entering the coverage
gap.

Follow-Up Outcomes
For Objective 1, time to DOAC treatment dis-
continuation was assessed and compared
between LIS and non-LIS cohorts. For Objective
2, the following event rates were assessed and
compared between discontinuation cohorts
during the follow-up period: a composite out-
come of stroke (ischemic or hemorrhagic) and
SE, stroke (ischemic or hemorrhagic), and SE.
The stroke and SE outcomes were defined based
on primary or secondary diagnosis codes in a
hospital or emergency department setting.

Statistical Analysis

For both objectives, baseline characteristics
were summarized descriptively using means and
standard deviations for continuous variables
and relative frequencies and proportions for
categorical variables. Stratified cohorts were
compared using standardized differences (SD);
SD[10% was considered statistically relevant.

In addition, for objective 1, multivariable
Cox proportional hazards models were used to
estimate the relative hazard of discontinuing
treatment during the coverage gap by LIS status,
adjusting for differences in following baseline
characteristics: age, sex, index year, region,
comorbidities, cardiovascular medicine use,
Quan-CCI score, total costs, and duration of
DOAC treatment.

For objective 2, Kaplan-Meier analyses were
conducted to assess the time from index to
incidence of stroke and SE during the follow-up
period. Statistical significance of difference in
the outcomes between beneficiaries who did
and did not discontinue DOACs during the
coverage gap was assessed using a log-rank test.
Furthermore, regression techniques were used
to determine the statistical significance of dif-
ferences in outcomes adjusting for baseline
differences. First, sampling weights were esti-
mated using inverse probability of treatment
weighting (IPTW)—a propensity score-based
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method that implemented a multinomial
logistic regression to model the likelihood
scores of discontinuation cohort assignment
with baseline characteristics (described in
objective 1) used as model predictors [19]. The
weights were adjusted for sample size to
account for leverage issues [20]. Weighted
baseline characteristics were then compared
between cohorts using SDs to assess balance. In
the second step, Cox proportional hazards
models with doubly robust estimation were
performed on the IPTW-weighted sample to
compare discontinuation rates between the
discontinue and non-discontinue cohort with
adjustment for any residual confounding from
the IPTW that could impact cohort assignment
or outcomes. Note, the CHA2DS2-VASc score
was not included in the doubly robust model
since the list of variables that were included in
the IPTW model and, subsequently, the Cox
model includes several variables that are asso-
ciated with increased risk of stroke and systemic
embolism during the follow-up period and were
also used in the calculation of the CHA2DS2-
VASc score, including hypertension and stroke
during the baseline period. Inclusion of
CHA2DS2-VASc score in addition to these vari-
ables could result in collinearity, which would
in turn reduce the precision of the estimates. All
analyses were conducted using SAS Enterprise
Guide version 7.1 (SAS Institute, Cary, NC,
USA).

RESULTS

Baseline Characteristics

For objective 1, 303,695 beneficiaries were
included in the study population, with 84,857
beneficiaries in the LIS cohort and 218,838
beneficiaries in the non-LIS cohort (Supple-
mentary Material—Fig. S3). The mean age at the
start of coverage gap was 77.3 years (Table 1).
Beneficiaries had an average of 9.1 months of
DOAC treatment. A higher proportion of non-
LIS cohort was White (92.8% vs. 69.6%), male
(47.5% vs. 35.0%), and had entered the cover-
age gap in July to December (81.4% vs. 65.2%).
The non-LIS cohort was generally healthier

compared to the LIS cohort, with lower mean
CHA2DS2-VASc (3.8 vs. 4.5), HAS-BLED (2.2 vs.
2.5), and Quan-CCI scores (1.0 vs. 1.8) and less
use of anti-hyperglycemic agents (15.2% vs.
21.7%). The prevalence of several comorbidities
and risk factors for stroke and SE was also lower
among non-LIS cohort, including complicated
hypertension (10.8% vs. 16.9%) and peripheral
artery disease (9.2% vs. 18.6%). However, heart
arrythmia was more prevalent in the non-LIS
cohort than the LIS cohort (83.9% vs. 76.8%).
Baseline total healthcare costs were lower
among the non-LIS cohort relative to the LIS
cohort ($7593 vs. $11,115).

For objective 2, 270,405 beneficiaries were
included in the study population, with 91,397
beneficiaries in the discontinue cohort and
179,008 beneficiaries in the non-discontinue
cohort (Supplementary Material—Fig. S4).
Before IPTW (Table 2), compared to the non-
discontinue cohort, the cohort that discontin-
ued DOAC during the coverage gap had higher
comorbidity burden and medical resource use as
well as longer duration of DOAC treatment (all
SD[10%). After IPTW, demographic charac-
teristics were more comparable at baseline,
although the discontinue cohort continued to
have higher comorbidity indices (CHA2DS2-
VASc: 3.8 vs. 3.7; HAS-BLED: 2.2 vs. 2.1; Quan-
CCI score: 1.2 vs. 1.0), higher total costs ($9404
vs. $7159), and longer duration of DOAC
treatment (19.9 vs. 13.5 months) (all
SD[10%).

DOAC Discontinuation Stratified by LIS
Status

A higher proportion of non-LIS cohort discon-
tinued DOAC during coverage gap (18.2% vs.
10.6%) (Table 4), and while similar proportions
re-initiated rivaroxaban or apixaban over time,
a lower proportion did so in the same calendar
year after exiting the coverage gap compared to
the LIS cohort (5.2% vs. 25.1%, p\ 0.001)
(Supplementary Material—Table S1). After
adjusting for selected baseline differences
including age, sex, index year, region, Quan-
CCI score, cardiovascular medicine use, total
costs, and duration of DOAC treatment, the risk
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Table 1 Characteristics for Medicare beneficiaries with non-valvular atrial fibrillation (NVAF) stratified by Low-Income
Subsidy (LIS) status

All beneficiaries LIS [A] Non-LIS [A] Standardized
differencea

[A] vs. [B]
N = 303,695 N = 84,857 N = 218,838

Demographic characteristics at index dateb

Age, years

Mean ± SD 77.3 ± 7.8 77.9 ± 8.4 77.1 ± 7.6 10.03%�

Male, n (%) 133,673 (44.0%) 29,667 (35.0%) 104,006 (47.5%) - 25.74%�

Region of residence, n (%) 21.67%�

Northeast 57,860 (19.1%) 19,486 (23.0%) 38,374 (17.5%)

Midwest 71,611 (23.6%) 15,518 (18.3%) 56,093 (25.6%)

South 122,400 (40.3%) 34,274 (40.4%) 88,126 (40.3%)

West 51,382 (16.9%) 15,537 (18.3%) 35,845 (16.4%)

Other/unknownc 442 (0.1%) 42 (0.0%) 400 (0.2%)

Race, n (%) 67.89%�

White 262,166 (86.3%) 59,055 (69.6%) 203,111 (92.8%)

Black 12,848 (4.2%) 8761 (10.3%) 4087 (1.9%)

Asian 7083 (2.3%) 4817 (5.7%) 2266 (1.0%)

Hispanic 14,302 (4.7%) 10,143 (12.0%) 4159 (1.9%)

North American native, other, or

unknown

7296 (2.4%) 2081 (2.4%) 5215 (2.3%)

Year of index date, n (%) 7.80%

2015 16,698 (5.5%) 4122 (4.9%) 12,576 (5.7%)

2016 46,798 (15.4%) 14,078 (16.6%) 32,720 (15.0%)

2017 55,918 (18.4%) 15,845 (18.7%) 40,073 (18.3%)

2018 82,303 (27.1%) 22,792 (26.9%) 59,511 (27.2%)

2019 101,978 (33.6%) 28,020 (33.0%) 73,958 (33.8%)

Clinical characteristics during baseline periodd

CHA2DS2-VASc score
e,f

Mean ± SD 4.0 ± 1.5 4.5 ± 1.6 3.8 ± 1.4 48.43%�

n (%) 45.55%�

0–1 8127 (3.0%) 1275 (1.7%) 6852 (3.4%)
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Table 1 continued

All beneficiaries LIS [A] Non-LIS [A] Standardized
differencea[A] vs.
[B]

N = 303,695 N = 84,857 N = 218,838

2 36,803 (13.4%) 5726 (7.7%) 31,077 (15.6%)

3 65,894 (24.0%) 13,229 (17.8%) 52,665 (26.4%)

4 73,176 (26.7%) 18,745 (25.2%) 54,431 (27.3%)

5 48,286 (17.6%) 16,906 (22.7%) 31,380 (15.7%)

6 25,866 (9.4%) 10,788 (14.5%) 15,078 (7.6%)

C 7 15,838 (5.8%) 7780 (10.5%) 8058 (4.0%)

HAS-BLED scoree,g

Mean ± SD 2.3 ± 0.9 2.5 ± 0.9 2.2 ± 0.8 29.79%�

n (%) 33.48%�

0–1 41,488 (15.1%) 8491 (11.4%) 32,997 (16.5%)

2 144,103 (52.6%) 35,019 (47.0%) 109,084 (54.7%)

3 65,989 (24.1%) 21,470 (28.8%) 44,519 (22.3%)

C 4 22,410 (8.2%) 9469 (12.7%) 12,941 (6.5%)

Quan-CCI scored,g

Mean ± SD 1.2 ± 1.5 1.8 ± 1.7 1.0 ± 1.3 56.56%�

Other relevant comorbidities, n (%)

Cardiac arrhythmia 248,775 (81.9%) 65,195 (76.8%) 183,580 (83.9%) - 17.84%�

Hypertension, uncomplicated 215,817 (71.1%) 61,085 (72.0%) 154,732 (70.7%) 2.83%

Hypertension, complicated 38,008 (12.5%) 14,305 (16.9%) 23,703 (10.8%) 17.52%�

Coronary artery disease 90,411 (29.8%) 27,485 (32.4%) 62,926 (28.8%) 7.90%

Peripheral artery disease 35,885 (11.8%) 15,808 (18.6%) 20,077 (9.2%) 27.59%�

Hyperlipidemia 153,619 (50.6%) 40,377 (47.6%) 113,242 (51.7%) - 8.34%

Obesity 49,438 (16.3%) 13,683 (16.1%) 35,755 (16.3%) - 0.58%

Smoking history 47,094 (15.5%) 13,433 (15.8%) 33,661 (15.4%) 1.24%

Strokeh/SE 7453 (2.5%) 2934 (3.5%) 4519 (2.1%) 8.51%

Strokeh 7194 (2.4%) 2817 (3.3%) 4377 (2.0%) 8.21%

Medication use during baseline periodd,j

Cardiovascular-related medications,

n (%)

295,300 (97.2%) 83,024 (97.8%) 212,276 (97.0%) 5.29%
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Table 1 continued

All beneficiaries LIS [A] Non-LIS [A] Standardized
differencea[A] vs.
[B]

N = 303,695 N = 84,857 N = 218,838

Non-oral anticoagulant therapyi 1228 (0.4%) 453 (0.5%) 775 (0.4%) 2.70%

Antihyperlipidemic agentsj 189,724 (62.5%) 54,474 (64.2%) 135,250 (61.8%) 4.95%

Antihypertensivesk 260,004 (85.6%) 74,614 (87.9%) 185,390 (84.7%) 9.36%

Antiplatelet agentsl 19,875 (6.5%) 7092 (8.4%) 12,783 (5.8%) 9.81%

Other cardiovascular medicationsm 178,863 (58.9%) 52,753 (62.2%) 126,110 (57.6%) 9.27%

Anti-hyperglycemic agents, n (%) 51,631 (17.0%) 18,380 (21.7%) 33,251 (15.2%) 16.73%�

All-cause healthcare costs during baseline periodd,o

Total costs (medical ? pharmacy)

Mean ± SD $8577 ± $13,788 $11,115 ± $17,474 $7593 ± $11,915 23.55%�

Total medical costs

Mean ± SD $6013 ± $13,512 $7978 ± $17,151 $5252 ± $11,714 18.56%�

Total pharmacy costs

Mean ± SD $2564 ± $2298 $3138 ± $3235 $2341 ± $1759 30.59%�

Additional beneficiary characteristics

Months of follow-upp

Mean ± SD 3.7 ± 1.9 3.5 ± 1.7 3.8 ± 1.9 - 12.56%�

Duration of DOAC treatment prior to the index dateq

Mean ± SD 9.1 ± 7.0 9.2 ± 7.8 9.1 ± 6.7 2.25%

Month of entering coverage gap, n (%) 41.72%�

January–March 14,812 (4.9%) 8530 (10.1%) 6282 (2.9%)

April–June 55,498 (18.3%) 21,009 (24.8%) 34,489 (15.8%)

July–September 236,019 (45.3%) 33,355 (39.3%) 28,800 (47.7%)
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Table 1 continued

All beneficiaries LIS [A] Non-LIS [A] Standardized
differencea[A] vs.
[B]

N = 303,695 N = 84,857 N = 218,838

October–December 95,742 (31.6%) 21,963 (25.9%) 30,893 (33.7%)

AIDS acquired immunodeficiency syndrome, CCI Charlson Comorbidity Index, CHA2DS2-VASc congestive heart failure,
hypertension, age C 75 years, diabetes mellitus, stroke or transient ischemic attack, vascular disease, age 65 to 74 years, sex
category, ER emergency room, DOAC direct oral anticoagulant, HAS-BLED hypertension, abnormal liver/renal function,
stroke history, bleeding history or predisposition, labile international normalized ratio, elderly, drug/alcohol usage, HIV
human immunodeficiency virus, LIS low-income subsidy, NVAF non-valvular atrial fibrillation, SD standard deviation, SE
systemic embolism
aThe standardized difference was multiplied by 100 to get the percent standardized difference. A value [ 10% was
considered a significant imbalance and was indicated with ‘‘�’’
bThe index date was defined as the start of the coverage gap
cOther or unknown region included Puerto Rico, Virgin Islands, Canada and Islands, Central America and West Indies,
Europe, Philippines, American Samoa, Northern Marianas, Guam, or otherwise unknown regions
dThe baseline period was defined as the 6 months prior to the index date
eCHA2DS2-VASc, HAS-BLED, and Quan-CCI were assessed among beneficiaries with relevant medical claims in the
baseline period
fCHA2DS2-VASc includes congestive heart failure, hypertension, age C 75 years, diabetes mellitus, stroke or transient
ischemic attack, vascular disease, age 65 to 74 years, and sex category
gHAS-BLED components include hypertension, abnormal liver/renal function, stroke history, bleeding history or predis-
position, labile international normalized ratio, elderly, and drug/alcohol usage. Information on history of labile international
normalized ratio testing results were not available in the data and as a result were not included in calculating the HAS-
BLED score
hOnly events happening between 31 days and 6 months prior to index date were assessed. Only primary and secondary
diagnosis codes occurring in a hospital or ER setting were counted
iNon-oral anticoagulant therapy includes unfractionated heparin, low molecular weight heparin, and factor Xa inhibitors
jAntihyperlipidemic agents include bile acid sequestrants, fibric acid derivatives, intestinal cholesterol absorption inhibitors,
statins, nicotinic acid derivatives, miscellaneous antihyperlipidemic agents, and antihyperlipidemic combinations
kAntihypertensives include ACE inhibitors, angiotensin II receptor blockers/antagonists, beta blockers, diuretics, and
vasodilators
lAntiplatelet agents include aspirin, thienopyridine derivatives, platelet aggregation inhibitors, and direct-acting P2Y12
inhibitors
mOther cardiovascular medications include angiotensin-receptor neurolysin inhibitors, antianginal agents, calcium channel
blockers, and antiarrhythmic agents
nAntihyperglycemic agents include alpha-glucosidase inhibitors, thiazolidinediones, sulfonylurea-thiazolidinedione combi-
nations, and meglitinide-biguanide combinations
oDollar values were inflated to 2021 USD using the medical care component of the Consumer Price Index
pMonths of follow-up was defined as the number of months between the index date and the end of the follow-up period,
which was defined as the end of the coverage gap
qDuration of DOAC treatment prior to index date was defined as the time between date of first DOAC use and the index
date
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of discontinuing DOACs during the coverage
gap was 78% higher among beneficiaries who
did not receive LIS compared to those receiving
LIS (hazard ratio [HR]; 1.78; 95% CI [1.73, 1.82])
(Table 3).

Incidence of Stroke and Systemic
Embolism by DOAC Discontinuation

Kaplan-Meier estimates of incidence of stroke or
SE in the 12 months post-index were numeri-
cally higher among the discontinue cohort rel-
ative to the non-discontinue cohort (Fig. 1).
Specifically, 2.6% of the discontinue cohort had
a composite outcome of stroke and SE during
the entire follow-up period compared to 2.2% of
the non-discontinue cohort. Similarly, the rates
of stroke (ischemic or hemorrhagic) and SE were
2.5% and 0.2% during the entire follow-up
period among the discontinue cohort compared
to 2.1% and 0.1% among the non-discontinue
cohort (data not shown).

After adjusting residual differences in doubly
robust model (Table 4), including age, sex,
index year, region, select comorbidities, car-
diovascular medicine use, Quan-CCI score, total
costs, and duration of DOAC treatment,

beneficiaries who discontinued DOACs during
the coverage gap had 14% higher risk of stroke
and SE (HR, 1.14; 95% CI [1.08, 1.20]), 12%
higher risk of stroke (HR, 1.12; 95% CI [1.06,
1.18]), and 48% higher risk of SE (HR, 1.48; 95%
CI [1.20, 1.82]), compared to beneficiaries who
did not discontinue DOACs.

DISCUSSION

This large-scale retrospective cohort study
among Medicare beneficiaries with NVAF found
that beneficiaries in the non-LIS cohort (i.e.,
those with increased OOP costs) had 78%
higher risk of discontinuing DOAC during cov-
erage gap compared with similar beneficiaries in
the LIS cohort (i.e., those without increased
OOP costs), implying that adherence and persis-
tence to DOAC were lower among beneficiaries
who had a sudden coverage-gap driven increase
in their OOP costs. Indeed, in our exploration of
OOP costs before and during the coverage gap,
we found that those receiving LIS did not
experience a change in their OOP costs during
the coverage gap whereas those not receiving
LIS did (Supplementary Materials—Table 2).

Table 3 Multivariable Cox regressions for time from entering coverage gap to direct oral anticoagulant (DOAC) treatment
discontinuation stratified by Low-Income Subsidy (LIS) status

Proportion of discontinuation, %
(n/N)

Adjusted hazard ratioa,b,c (95%
CI), p-value

Non-LIS LIS Non-LIS vs. LIS

DOAC treatment discontinuation during

coverage gapd
18.2% (39,906/

218,838)

10.6% (8999/

84,857)

1.78 (1.73, 1.82), p\ 0.001***

CI confidence interval, DOAC direct oral anticoagulant, LIS low-income subsidy
aMultivariable Cox regression models were used to compare the risk of discontinuation among non-LIS beneficiaries vs. LIS
beneficiaries. Beneficiary characteristics included as covariates in the multivariate Cox regression were baseline age, sex, index
year, region, comorbidities, cardiovascular medicine use, Quan-CCI score, total costs, and duration of DOAC treatment
prior to index date
bA hazard ratio[1 indicates that non-LIS beneficiaries have a higher risk of having the event than LIS beneficiaries, while a
hazard ratio\ 1 indicates that non-LIS beneficiaries have a lower risk of having the event than LIS beneficiaries
cp-values\ 0.05 are indicated with one asterisk (‘‘*’’); p-values\ 0.01 are indicated with two asterisks (‘‘**’’); p-val-
ues\ 0.001 are indicated with three asterisks (‘‘***’’)
dDiscontinuation was defined as having any of the following during the coverage gap: (1) treatment gap C 30 days between
observed fills, (2) treatment gap C 30 days between last observed fill and end of observation period, (3) switching to generic
warfarin
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Specifically, beneficiaries receiving LIS do not
experience a change in their OOP costs after
entering the coverage gap ($89 ± $507 pre vs.
$98 ± $1962 during the gap), whereas those not
receiving LIS do ($592 ± $7439 pre vs.
$1390 ± $31,715 during the gap). Importantly,
beneficiaries who discontinued DOACs had
significantly higher hazards of experiencing
stroke and SE compared to beneficiaries who did
not discontinue DOACs, further suggesting that
reducing OOP costs during Medicare coverage
gap could improve clinical outcomes among
beneficiaries with NVAF.

Recent studies have similarly reported that
beneficiaries without financial assistance were
more likely to discontinue medications and

reduce adherence, which in turn could result in
negative outcomes [14, 21–23]. Of particular
relevance to this study, Zhou et al. compared
anticoagulant use and health outcomes associ-
ated with Medicare Part D plan coverage of
NOACs and found that beneficiaries whose drug
plans restricted DOAC coverage had worse
adherence and higher risk of mortality/
stroke/transient ischemic attack compared to
beneficiaries whose plans do not restrict DOAC
use (HR, 1.10; 95% CI [1.08, 1.12]) [23]. Simi-
larly, a recent systematic review included three
retrospective studies in people with AF and
reported that DOAC nonadherence was associ-
ated with increased risk of stroke (HR, 1.39; 95%
CI [1.06, 1.81]), and DOAC non-persistence was

Fig. 1 Kaplan-Meier curves for time to stroke and
systemic embolism stratified by discontinuation statusa–d.
The dashed gray line corresponds to all patients, the dark
blue line corresponds to discontinuers, and the light blue
line corresponds to non-discontinuers. DOAC direct oral
anticoagulant, IQR interquartile range. aThe index date
was defined as the date of DOAC treatment discontin-
uation for beneficiaries who discontinued and the end of
the coverage gap for beneficiaries who did not discontinue.
The end of the coverage gap was defined as the earliest of
the start of catastrophic coverage phase, end of calendar

year, and end of data availability. bThe follow-up period
was censored at the earliest of 12 months after index date
and end of data availability. cDiscontinuation was defined
as having any of the following: (1) treatment
gap C 30 days between observed fills, (2) treatment
gap C 30 days between last observed fill and end of
observation period, (3) switching to generic warfarin.
dAcross the entire follow-up period, the Kaplan-Meier
rates of experiencing stroke and systemic embolism were
2.6% for discontinuers and 2.2% for non-discontinuers
(p\ 0.001)

4540 Adv Ther (2023) 40:4523–4544



associated with increased risk of stroke/tran-
sient ischemic attack (HR, 4.55; 95% CI [2.80,
7.39]) [4]. Collectively, the findings from the
present study further underscore that even a
short period of DOAC discontinuation before
exiting the Medicare coverage gap (approxi-
mately 77 days) has a substantial impact on the
risk of stroke and SE events among beneficiaries
with NVAF. Of note, the risk of strokes and SE in
this study may be underestimated as a large
proportion of beneficiaries (63.4%) discontinu-
ing DOACs during the coverage gap re-initiated
DOACs after exiting the coverage gap or
potentially switched to warfarin. Given the
high associated cost of stroke/SE events, struc-
turing health payment systems to reduce OOP
costs for patients taking DOACs could both
improve clinical outcomes of patients with
NVAF and produce cost-savings associated with
averted stroke/SE events [24–27].

Recent policy changes have aimed to reduce
OOP costs for Medicare beneficiaries enrolled in
Part D plans. Specifically, the ACA of 2010 and
the Bipartisan Budget Act (BBA) of 2018 inclu-
ded provisions to gradually phase out the cov-
erage gap between 2019 and 2020 by shifting a
higher proportion of the cost sharing burden to
manufacturers and insurers and reducing bene-
ficiary coinsurance to 25% [28]. The Inflation
Reduction Act of 2022 also included new pro-
visions to lower prescription drug costs and
reduce drug spending [29]. Key features inclu-
ded provisions to cap OOP costs for Medicare
beneficiaries enrolled in Part D plans and
expand eligibility for full benefits under the Part
D LIS program beginning in 2024 [29].
Although the data for this study began after the
implementation of the ACA, additional research
is needed to better understand the implications
of other recent policies on prescription drug use

Table 4 Doubly robust model-adjusted Cox regressions for time to stroke and systemic embolism (SE) stratified by
discontinuation status

Doubly robust model-adjusted hazard
ratioa,b

95% CI p-valuec

Composite (ischemic stroke ? hemorrhagic

stroke ? SE)

1.14 (1.08,

1.20)

\ 0.001***

Stroke (ischemic or hemorrhagic) 1.12 (1.06,

1.18)

\ 0.001***

SE 1.48 (1.20,

1.82)

\ 0.001***

CI confidence interval, IPTW inverse probability of treatment weighting, SE systemic embolism
aCox regression models were used to compare the risk of stroke and SE events among discontinuers vs. non-discontinuers.
Inverse probability of treatment weighting (IPTW) was used to adjust for confounding due to underlying differences in
beneficiary characteristics between discontinuers vs. non-discontinuers. Beneficiary characteristics included in the IPTW
model were baseline age, sex, index year, region, comorbidities, cardiovascular medicine use, Quan-CCI score, total costs, and
duration of DOAC treatment prior to index date. The doubly robust model was additionally adjusted for the following
variables during baseline: hypertension (uncomplicated), hypertension (complicated), coronary artery disease, hyperlipi-
demia, obesity, smoking history, composite indicator of stroke/SE, total healthcare costs, and duration of DOAC treatment
prior to index date. The list of variables that was adjusted for in the double robust model was decided upon with clinical
input. The CHA2DS2-VASc score was not included in the doubly robust model because of concerns about collinearity, as
the calculation of the CHA2DS2-VASc score already includes hypertension and stroke
bA hazard ratio[ 1 indicates that discontinuers have a higher risk of having the event than non-discontinuers, while a
hazard ratio\ 1 indicates that discontinuers have a lower risk of having the event than non-discontinuers
cp-values\ 0.05 are indicated with one asterisk (‘‘*’’); p-values\ 0.01 are indicated with two asterisks (‘‘**’’); p-val-
ues\ 0.001 are indicated with three asterisks (‘‘***’’)
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patterns and subsequent outcomes among
Medicare beneficiaries with NVAF.

Using longitudinal data for a representative
population enrolled in the 100% Medicare FFS
and robust statistical methods, our study find-
ings corroborate existing literature on the
excess disease burden imposed by the Medicare
coverage gap and other coverage restrictions
among beneficiaries requiring chronic medica-
tion. Nonetheless, the results must be inter-
preted in the context of common limitations
associated with observational claims-based
studies. First, as analyses of administrative
claims data depended on correct diagnosis,
procedure, and drug codes, the identification of
stroke and SE might be subject to coding inac-
curacies and data omission. Second, the lack of
electronic medical record data precluded inclu-
sion of certain clinically relevant metrics such
as disease severity. Third, while results in Sup-
plemental Table 2 showed that non-LIS benefi-
ciaries experienced higher costs than LIS
beneficiaries before, during, and after the cov-
erage gap, directly confirming that the benefi-
ciaries discontinued/switched treatment due to
higher OOP costs was impossible. The data also
did not contain information on over-the-coun-
ter medications (e.g., aspirin) which might be
used for prophylaxis in combination with or in
place of DOACs as part of anticoagulant treat-
ment. Fourth, the data did not contain details
on other socioeconomic factors that might
affect the outcome (e.g., household income).
While efforts were made to reduce the degree of
variability due to socioeconomic factors (such
as by excluding LIS-eligible patients in objective
2), residual confounding because of unobserv-
able factors could impact effect estimates.
Lastly, the study population comprised Medi-
care beneficiaries aged 65 years and older; thus,
the findings might not be generalizable to all US
beneficiaries with NVAF, such as beneficiaries
enrolled in Medicaid or patients without health
insurance.

CONCLUSIONS

Findings of this real-world study demonstrate
that not receiving LIS and consequently facing

increased OOP costs during the Medicare cov-
erage gap phase was associated with higher risk
of DOAC discontinuation, which in turn was
associated with increased risk of subsequent
stroke and SE events among beneficiaries with
NVAF. Despite policy reforms aimed at closing
the coverage gap, beneficiaries continue to
shoulder considerable cost-sharing burden for
Part D drugs. These findings suggest that further
shifts in OOP drug costs to beneficiaries could
have long-term negative clinical implications
for patients, especially for acute and often
irreparable health events like stroke, and
underscore the need to consider the unintended
impact of decisions based on the short-term
financial savings on long-term clinical and
economic consequences for patients and health
systems.
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