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ABSTRACT

Introduction: Direct oral anticoagulants
(DOACs) are essential in ischemic stroke/sys-
temic embolism (SE) prevention among
patients with nonvalvular atrial fibrillation
(NVAF). This study compared the risk of
ischemic stroke/SE among patients with NVAF
who discontinued DOACs following the first fill
(‘‘one-and-done’’) relative to patients who con-
tinued DOACs beyond the first fill
(‘‘continuers’’).
Methods: De-identified data from Symphony
Health, an ICON plc Company, PatientSource�,
April 1, 2017 to October 31, 2020, were used to
identify adults with NVAF initiated on DOACs
(index date). Patients with only one DOAC
claim during the 90-day landmark period start-
ing on the index date were classified as one-and-

done and the remaining as continuers. Inverse
probability of treatment weighting was used to
balance baseline characteristics in the cohorts.
Time from the landmark period end to the first
ischemic stroke/SE event or, among those
without the event, to clinical activity or data
end was compared between balanced cohorts
using survival analysis.
Results: Of patients initiating DOACs, 23.6%
were classified as one-and-done users. After
weighting was performed, 241,159 and 238,889
patients comprised the one-and-done and con-
tinuer cohorts, respectively. At 12 months of
follow-up, the probability of ischemic stroke/SE
was 1.44% in the one-and-done cohort and
1.00% in the continuer cohort [hazard ratio
(95% confidence interval) 1.44 (1.34–1.54);
p\0.0001]. Results at earlier and later time
points and in a sensitivity analysis with a 75-day
landmark period were similar.
Conclusion: A substantial proportion of
patients were one-and-done DOAC users, which
was associated with significantly higher risk of
ischemic stroke/SE events. There is an unmet
need to improve access and encourage contin-
uous use of DOACs among patients with NVAF
so that severe and fatal complications may be
mitigated.
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done; Systemic embolism; Treatment
discontinuation

Key Summary Points

Why carry out this study?

Long-term and compliant anticoagulation
therapy is critical for the prevention of
thromboembolic complications in atrial
fibrillation (AF), since it significantly
reduces the risk of ischemic stroke and in-
hospital mortality.

There is scarce literature evaluating the
clinical consequences of early direct oral
anticoagulant (DOAC) discontinuation;
therefore, this study was conducted to
compare the risk of ischemic stroke and
systemic embolism (SE) among patients
with nonvalvular atrial fibrillation (NVAF)
who discontinued DOAC therapy
following the first fill (‘‘one-and-done’’)
compared to patients who continued
DOACs beyond the first fill (‘‘continuers’’).

What was learned from the study?

In this study, 23.6% of patients with NVAF
initiating DOACs were classified as one-
and-done users.

At 12 months of follow up, the risk of
ischemic stroke or SE as a composite
outcome was 44% higher among one-and-
done DOAC users compared to DOAC
continuers; the magnitude of this risk
remained similar both short- and long-
term.

There is a need to better understand the
factors associated with discontinuation of
DOACs to inform policies aimed at
maximizing the benefit of these agents
among patients with NVAF.

INTRODUCTION

Atrial fibrillation (AF) is a form of cardiac
arrhythmia characterized by abnormal and
uncoordinated contractions of the heart’s atria
[1]. The prevalence of AF has increased over the
last 5 decades and is continuing to increase
globally [2]. In the USA, the age-standardized
prevalence rate of AF was 900 per 100,000 peo-
ple in 2017 [3], currently affecting at least 3–6
million people [2].

Severe and often fatal complications, such as
ischemic stroke and systemic embolism (SE), are
common consequences of AF [1, 4]. Notably,
patients with AF have an approximately fivefold
higher risk of ischemic stroke and eightfold
higher risk of having multiple cardiovascular
hospitalizations compared to those without AF
[5, 6]. Additionally, strokes related to AF tend to
be more severe than those with other underly-
ing causes [5], resulting in higher rates of
adverse events and mortality [7], as well as
higher hospitalization costs [8].

As such, long-term anticoagulation therapy
is critical for the prevention of thromboembolic
complications in AF [1]. Indeed, therapeutic
anticoagulation has been shown to reduce the
odds of moderate or severe ischemic stroke and
in-hospital mortality among patients with AF in
real-world clinical practice [9]. In patients with
nonvalvular AF (NVAF), direct oral anticoagu-
lants (DOACs) are recommended over warfarin
on the basis of the results of four clinical trials
comparing dabigatran, rivaroxaban, apixaban,
or edoxaban (i.e., the four DOACs that are cur-
rently approved by the US Food and Drug
Administration for NVAF [10–13]) against war-
farin [14]. In a network meta-analysis of these
four trials, standard-dose DOACs were associ-
ated with a significantly lower risk of stroke or
SE (hazard ratio [HR; 95% confidence interval
(CI)] = 0.81 [0.74, 0.89]), death (0.92 [0.87,
0.97]), and intracranial bleeding (0.45 [0.37,
0.56]) compared to warfarin [15]. Therefore,
guidelines recommend the use of DOACs as
first-line anticoagulation, with periodic reeval-
uation to assess the need for further anticoag-
ulant therapy [14]. In the USA, the cost of
DOACs may be partially covered by public (i.e.,
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Medicare, Medicaid) or private/commercial
insurance, while a portion is paid out-of-pocket
by the patient.

Despite the proven efficacy of DOACs,
patient compliance remains a challenge
[16, 17]. Prior real-world studies have reported
discontinuation rates ranging from 17.9% to
27.4% at 3 months to 4.5–14.9% at 2 years of
follow-up [18, 19]. Additionally, nearly 40% of
DOAC discontinuations occurred within the
first 4 months in one international registry-
based study [20]. Importantly, discontinuation
of DOACs after a median 182 days of treatment
was associated with increased risk of ischemic
stroke/SE among patients with AF [20]. Given
the large proportion of discontinuations occur-
ring in the first few months of DOAC initiation,
there is a need to evaluate the clinical conse-
quences associated with these shorter durations
of treatment; however, there is scarce literature
doing so. Therefore, the current study was
conducted to describe and compare the risk of
ischemic stroke and SE among patients with
NVAF who discontinued DOAC therapy fol-
lowing the first fill (i.e., up to 1 month of ther-
apy) compared to patients who continued
DOACs beyond the first fill.

METHODS

Data Source

De-identified data from Symphony Health, an
ICON plc Company, PatientSource�, April 1,
2017 to October 31, 2020, were used. This open
claims data source contains patient demo-
graphics, medical and procedure claims, and
prescription drug claims, including the status of
prescription drug claims (i.e., approved, rejec-
ted, abandoned). The open claims nature means
that a patient’s healthcare activity is captured
regardless of maintaining the same healthcare
plan if the patient uses providers from the net-
work that supplies data to the database. The
database captures more than 75% of all US retail
prescription claims, representing over three-
quarters of the US population annually across
multiple payer channels (i.e., commercial,
Medicare, Medicaid); the remaining less than

25% of claims are outside of the covered
networks.

Study Design

The study had a retrospective longitudinal
design (Fig. 1). The index date was the date of
the first DOAC claim (i.e., apixaban, dabigatran,
or rivaroxaban). The study focused on these
three DOACs as the most commonly used in the
USA [21]. Only patients with the status of the
first claim being ‘‘approved’’ (i.e., submitted by a
pharmacy and approved for payment by health
plans after claims adjudication) were retained.

The baseline period was defined as the
6-month period of clinical activity before the
index date, where clinical activity was based on
the first and last patient-level activity flags (i.e.,
either a pharmacy or a medical claim).

The 90-day landmark period starting on the
index date was used to classify patients into the
‘‘one-and-done’’ and ‘‘continuer’’ cohorts. The
duration of the landmark period was based on a
60-day or longer gap in DOAC supply to define
DOAC discontinuation after 30 or fewer days of
the index DOAC claim supply. The gap of
60 days or longer was chosen since it has been
commonly used in prior literature to define
DOAC discontinuation in NVAF [22, 23], and
patients with more than 30 days of supply for
the index DOAC claim were excluded since it
would not have been possible to classify them as
‘‘one-and-done’’ or ‘‘continuer’’ during the
90-day landmark period (see ‘‘Sample Selec-
tion’’). A sensitivity analysis was conducted
using a gap of at least 45 days to define dis-
continuation, reducing the landmark period
length and associated survival bias (see ‘‘Sensi-
tivity Analysis’’).

The follow-up period used to measure the
outcomes started on day 91 post-index and
continued until the earliest of the end of clini-
cal activity or data availability.

Sample Selection

Patients with the first claim for apixaban, dabi-
gatran, or rivaroxaban were included in the
study if they met the following inclusion
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criteria: (1) at least 6 months of clinical activity
before the index date; (2) no claims for other
oral anticoagulants (i.e., betrixaban, edoxaban,
warfarin) before the index date; (4) at least one
claim with a diagnosis for AF (International
Classification of Diseases, 10th Revision, Clini-
cal Modification [ICD-10-CM] code I48) during
the baseline period or on the index date; and (5)
at least 18 years old on the index date.

Patients were excluded from the study if they
had (1) at least one claim with any of the fol-
lowing diagnoses or procedures at baseline:
mitral stenosis, mechanical heart-valve, venous
thromboembolism (VTE), hip or knee replace-
ment surgery, or organ or tissue replaced by
transplant; (2) pregnancy during or after the
baseline period; (3) at least one claim with a
diagnosis of stroke (ischemic or hemorrhagic) or
SE during an inpatient admission on the index
date or within 30 days prior to the index date
(to avoid confounding with the outcomes of
ischemic stroke and SE); (4) more than one
claim for DOACs (i.e., apixaban, betrixaban,
dabigatran, edoxaban, rivaroxaban) on the
index date; or (5) more than one final claim
status (e.g., approved and abandoned) for the
index DOAC on the index date.

Additionally, retaining only patients with
the ‘‘approved’’ status of the first claim, the
following exclusion criteria for the identifica-
tion of cohorts during the landmark period
were applied: (1) 90 or fewer days of clinical
activity post-index (i.e., incomplete landmark
period); (2) stroke or SE diagnosis in an inpa-
tient setting during the landmark period; and
(3) more than 30 days of supply on the index
DOAC claim.

During the landmark period, patients were
classified into the ‘‘one-and-done’’ cohort if
they discontinued DOAC therapy after the first
DOAC claim, i.e., did not have another
approved DOAC claim during the landmark
period (a 60-day or longer gap in DOAC supply).
Patients were classified into the ‘‘one-and-done’’
cohort if they persisted on DOAC therapy
beyond the first claim, i.e., had at least two
approved DOAC claims during the landmark
period.

Outcome Measures

The first instance of ischemic stroke (ICD-10-
CM code I63) and SE (ICD-10-CM code I74)
were measured in each cohort during the fol-
low-up period as a composite outcome (i.e.,
ischemic stroke/SE) and separately. Only diag-
noses in claims from an inpatient setting were
considered.

Statistical Analysis

To balance baseline characteristics between the
one-and-done and continuer cohorts, inverse
probability of treatment weighting (IPTW) was
applied. The propensity score was computed
from a logistic regression model and adjusted
for demographic characteristics (i.e., age, sex,
region of residence, insurance plan type, index
year); comorbidities (Quan–Charlson Comor-
bidity Index [Quan-CCI] [24], CHA2DS2-VASc
score, HAS-BLED score); recent ischemic or
hemorrhagic stroke/SE (i.e., presence of event
and time from the event to index date);

Fig. 1 Study design. DOAC direct oral anticoagulant, SE systemic embolism

2342 Adv Ther (2023) 40:2339–2354



polypharmacy (i.e., use of at least five different
medications concurrently); use of antihyper-
tensive agents, antihyperlipidemic agents,
antiplatelet agents; the index DOAC medica-
tion; and all-cause pharmacy costs. The balance
of baseline characteristics was assessed using

standardized differences (less than 10% indi-
cated balance) [25].

The probability of an ischemic stroke or SE
event during the follow-up period was described
between the one-and-done cohort and the
continuer cohort using weighted Kaplan–Meier
survival analysis. The risk of an ischemic stroke

Fig. 2 Identification of NVAF population. AF atrial
fibrillation, DOAC direct oral anticoagulant, NVAF non-
valvular atrial fibrillation. *Patients were excluded from the
study population if they had (1) C 1 claim with any of the
following diagnoses or procedures at baseline: mitral stenosis,
mechanical heart-valve, venous thromboembolism, hip or
knee replacement surgery, organ or tissue replaced by
transplant; (2) pregnancy during or after the baseline period;
(3) C 1 claim with a diagnosis of stroke (ischemic or
hemorrhagic) or systemic embolism during an inpatient

admission on the index date or within 30 days prior to the
index date; (4)[ 1 claim for DOACs (i.e., apixaban,
betrixaban, dabigatran, edoxaban, rivaroxaban) on the index
date; or (5)[ 1 final claim status (e.g., approved and
abandoned) for the index DOAC on the index date. �

Patients were excluded during the landmark period if they
had (1) B 90 days of clinical activity post-index; (2) stroke or
systemic embolism diagnosis in an inpatient setting within
the first 90 days post-index (i.e., during landmark period); or
(3)[ 30 days of supply on the index DOAC claim
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Table 1 Selected baseline characteristics in the weighted cohortsa,b

Mean – SD [median] or n (%) One-and-done
cohort

Continuer
cohort

Standardized
difference (%)

N = 241,159 N = 238,889

Age (years) 69.1 ± 10.1

[72.0]

69.2 ± 9.5

[72.0]

1.1

Female 108,670 (45.1) 107,723 (45.1) 0.1

Region of residence

South 100,797 (41.8) 99,753 (41.8) 0.1

Midwest 55,618 (23.1) 55,168 (23.1) 0.1

Northeast 48,746 (20.2) 48,227 (20.2) 0.1

West 35,419 (14.7) 35,166 (14.7) 0.1

Unknown 579 (0.2) 574 (0.2) 0.0

Insurance plan

Medicare 132,523 (55.0) 129,384 (54.2) 1.6

Commercial 87,192 (36.2) 88,787 (37.2) 2.1

Medicaid 18,269 (7.6) 17,801 (7.5) 0.5

Other 3175 (1.3) 2918 (1.2) 0.8

Year of index date

2017 16,998 (7.0) 16,531 (6.9) 0.5

2018 89,761 (37.2) 88,937 (37.2) 0.0

2019 90,829 (37.7) 90,340 (37.8) 0.3

2020 43,571 (18.1) 43,082 (18.0) 0.1

Index DOAC medication

Apixaban 180,322 (74.8) 179,775 (75.3) 1.1

Rivaroxaban 55,517 (23.0) 53,954 (22.6) 1.0

Dabigatran 5320 (2.2) 5160 (2.2) 0.3

Patient out-of-pocket paid amount for the index drug

claim (US $2021)

77.9 ± 157.5

[10.8]

67.6 ± 137.7

[15.8]

7.0

Quan-CCI 1.9 ± 2.1 [1.0] 1.9 ± 2.1 [1.0] 0.4

CHA2DS2-VASc score 3.0 ± 1.6 [3.0] 3.0 ± 1.7 [3.0] 0.6

0 15,112 (6.3) 13,916 (5.8) 1.9

1 30,183 (12.5) 30,761 (12.9) 1.1

2 46,219 (19.2) 47,241 (19.8) 1.5

3 55,559 (23.0) 54,128 (22.7) 0.9

4 49,063 (20.3) 47,206 (19.8) 1.5
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Table 1 continued

Mean – SD [median] or n (%) One-and-done
cohort

Continuer
cohort

Standardized
difference (%)

N = 241,159 N = 238,889

5 28,657 (11.9) 28,360 (11.9) 0.0

6? 16,366 (6.8) 17,277 (7.2) 1.7

HAS-BLED score 1.9 ± 1.1 [2.0] 1.9 ± 1.1 [2.0] 0.1

Baseline diagnosis for stroke and systemic embolism in an inpatient setting

Ischemic stroke 2453 (1.0) 2390 (1.0) 0.2

Days from the most recent ischemic stroke to index

datec
82.6 ± 42.2

[72.0]

81.8 ± 42.1

[70.0]

2.1

Hemorrhagic stroke 314 (0.1) 317 (0.1) 0.1

Days from the most recent hemorrhagic stroke to index

datec
92.4 ± 40.5

[87.0]

89.5 ± 42.8

[83.0]

6.9

SE 151 (0.1) 139 (0.1) 0.2

Days from the most recent SE to index datec 88.3 ± 48.7

[78.0]

85.5 ± 46.7

[73.0]

5.9

Major bleeding 3291 (1.4) 2575 (1.1) 2.6

Number of unique prescription drugs used 7.4 ± 6.0 [6.0] 7.3 ± 5.8 [6.0] 0.3

Polypharmacy (use of C 5 different medications

concurrently)

131,229 (54.4) 127,781 (53.5) 1.9

Use of non-oral anticoagulants 19,021 (7.9) 18,093 (7.6) 1.2

Use of cardiovascular-related medications 166,533 (69.1) 167,557 (70.1) 2.4

Antihypertensive agents 149,053 (61.8) 145,961 (61.1) 1.5

Antihyperlipidemic agents 103,644 (43.0) 100,788 (42.2) 1.6

Antiplatelet agents 22,219 (9.2) 21,762 (9.1) 0.4

Cardiovascular proceduresd 8349 (3.5) 7386 (3.1) 2.1

Cancer diagnoses and/or treatments 29,481 (12.2) 30,230 (12.7) 1.3

Risk factors for stroke

Hypertension 161,612 (67.0) 161,878 (67.8) 1.6

Hyperlipidemia 110,471 (45.8) 108,371 (45.4) 0.9

Diabetes 65,331 (27.1) 63,111 (26.4) 1.5

Congestive heart failure 63,887 (26.5) 63,855 (26.7) 0.5

COPD 41,617 (17.3) 36,407 (15.2) 5.5

Obesity 35,819 (14.9) 37,122 (15.5) 1.9

Morbid obesity 16,940 (47.3) 17,389 (46.8) 0.9
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or SE event was compared between the two
cohorts using weighted Cox proportional haz-
ard models, with HRs and their 95% CIs and
p values reported. Time to the ischemic stroke
or SE event was defined as the time from day 91
post-index (i.e., first day following the land-
mark period) until the first ischemic stroke or SE
event during the follow-up period; patients for
whom the event was not observed during the
follow-up period were censored at the end of
the follow-up period.

Sensitivity Analysis

A sensitivity analysis using a 75-day landmark
period was conducted to minimize the loss of
patients with early ischemic stroke and SE
events (i.e., within the duration of the land-
mark period).

Compliance with Ethics Guidelines

Data were de-identified and comply with the
patient requirements of the Health Insurance
Portability and Accountability Act (HIPAA) of
1996; therefore, no review by an institutional
review board was required per Title 45 of CFR,
Part 46.101(b)(4) [26].

RESULTS

Among 779,468 patients prescribed with a
DOAC who had NVAF and met other inclusion
and exclusion criteria, 667,417 (85.6%) had
their first DOAC claim approved. Furthermore,
480,048 patients met additional criteria during
the landmark period, and among them, 113,336
(23.6%) were classified into the one-and-done

Table 1 continued

Mean – SD [median] or n (%) One-and-done
cohort

Continuer
cohort

Standardized
difference (%)

N = 241,159 N = 238,889

Depression 23,798 (9.9) 21,463 (9.0) 3.0

Family history of CVD 9133 (3.8) 9344 (3.9) 0.6

Prior stroke 8486 (3.5) 10,816 (4.5) 5.1

Transient ischemic attack 4826 (2.0) 5729 (2.4) 2.7

All-cause monthly healthcare costs (US $2021)e 3869 ± 14,011

[967]

3215 ± 11,990

[921]

5.0

Pharmacy costs 226 ± 846 [35] 222 ± 718 [45] 0.4

Medical charges 3643 ± 13,937

[773]

2993 ± 11,936

[701]

5.0

COPD chronic obstructive pulmonary disease, CVD cardiovascular disease, DOAC direct oral anticoagulant, Quan-CCI
Quan–Charlson Comorbidity Index, SD standard deviation, SE systemic embolism
aCohorts were weighted on baseline characteristics using inverse probability of treatment weights; characteristics were
considered well balanced if standardized difference is\ 10%
bThe number of patients reported in this weighted population represents the sum of weights for the corresponding patients,
rounded to the nearest integer. The sum of patients in each category may therefore not add up to the total number of
patients in each cohort
cAmong patients that have a diagnosis for the event of interest during the baseline period
dCardiovascular procedures included percutaneous coronary intervention and coronary bypass graft. Electrical cardioversion
procedure (5.3% in one-and-done cohort and 5.5% in continuer cohort) and pulmonary vein isolation procedure (1.0% in
one-and-done cohort and 0.9% in continuer cohort) were not reported under this category
ePharmacy costs are reported from a payer’s perspective and comprise the plan paid amounts and patient copay amounts
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cohort and 366,712 (76.4%) into the continuer
cohort (Fig. 2). Baseline characteristics of the
unweighted cohorts are described in Table S1 in
the supplementary material.

Study Population and Weighted Baseline
Characteristics

After the two cohorts were weighted to balance
baseline characteristics, a total of 241,159
patients were included in the one-and-done
cohort and 238,889 patients in the continuer
cohort. On the basis of the standardized differ-
ences, the weighted cohorts were well balanced
(Table 1). Mean [standard deviation (SD)] age
was 69.1 [10.1] years in the one-and-done
cohort and 69.2 [9.5] years in the continuer
cohort, and 45.1% of patients were female in
both cohorts. Most patients were covered by

Medicare (55.0% in the one-and-done cohort
and 54.2% in the continuer cohort), followed
by commercial insurance (36.2% and 37.2%),
Medicaid (7.6% and 7.5%), and another type of
insurance (1.3% and 1.2%). The mean [SD]
patient out-of-pocket paid amount for the index
drug claim was $77.90 [$157.50] in the one-
and-done cohort and $67.60 [$137.70] in the
continuer cohort. The mean [SD] CHA2DS2-
VASc score was 3.0 [1.6] among patients in the
one-and-done cohort and 3.0 [1.7] among
patients in the continuer cohort. In both
cohorts, 1.0% and 0.1% of patients had a base-
line inpatient diagnosis of ischemic stroke and
SE, respectively. Patients in the one-and-done
and continuer cohorts had similar prevalence of
risk factors for stroke, with the most common
being hypertension (67.0% and 67.8%, respec-
tively), hyperlipidemia (45.8% and 45.4%),

Fig. 3 Ischemic stroke or SE probability in weighted one-
and-done versus continuer cohorts. CI confidence interval,
DOAC direct oral anticoagulant, SE systemic embolism.
Ischemic stroke and SE events were identified in an
inpatient setting. The time to the first event was measured

from day 91 post-index date (i.e., first day after the end of
the landmark period); patients for whom the event was not
observed during the follow-up period were censored at the
end of the follow-up period. �p\ 0.05
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diabetes (27.1% and 26.4%), and congestive
heart failure (26.5% and 26.7%).

Probability of Ischemic Stroke and SE

The mean [SD] duration of follow-up was 15.0
[9.5] months in the one-and-done cohort and
15.7 [9.4] months in the continuer cohort. At
3 months of follow-up, the probability of
ischemic stroke or SE as a composite outcome
was 0.41% in the one-and-done cohort com-
pared to 0.28% in the continuer cohort (log-
rank p\ 0.0001; Fig. 3). This higher probability
of ischemic stroke or SE event in the one-and-
done compared to continuer cohort remained
consistent at later points of follow-up, with
probabilities of 1.44% in the one-and-done

cohort and 1.00% in the continuer cohort at
12 months (log-rank p\0.0001).

The probability of the composite endpoint
was mainly driven by that of ischemic stroke. At
3 months of follow-up, the probability of
ischemic stroke alone was 0.38% in the one-
and-done cohort compared to 0.26% in the
continuer cohort, while at 12 months, these
probabilities were 1.33% and 0.92%, respec-
tively (all log-rank p\0.0001; data not shown).

The risk of ischemic stroke or SE as a com-
posite outcome was 45% higher in the one-and-
done cohort than in the continuer cohort at
3 months, 42% higher at 6 months, 44% higher
at 12 months, and 42% higher at 24 months of
follow-up (all p\ 0.0001; Fig. 4). Similar results
were observed for ischemic stroke and SE alone
(Fig. 4).

Fig. 4 Risk of ischemic stroke and SE in weighted one-
and-done versus continuer cohorts. HR hazard ratio, CI
confidence interval, SE systemic embolism. Ischemic stroke

and SE were identified in an inpatient setting. HRs were
generated using univariate weighted Cox proportional
hazard models. �p\ 0.05
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Fig. 5 Ischemic stroke or SE probability in weighted one-
and-done versus continuer cohorts (75-day landmark
period). CI confidence interval, DOAC direct oral antico-
agulant, SE systemic embolism. Ischemic stroke and SE
events were identified in an inpatient setting. The time to

the first event was measured from day 76 post-index date
(i.e., first day after the end of the landmark period);
patients for whom the event was not observed during the
follow-up period were censored at the end of the follow-up
period. �p\ 0.05

Fig. 6 Risk of ischemic stroke or SE in weighted one-and-
done versus continuer cohorts (75-day landmark period).
HR hazard ratio, CI confidence interval, SE systemic

embolism. Ischemic stroke and SE were identified in an
inpatient setting. HRs were generated using univariate
weighted Cox proportional hazard models. �p\ 0.05
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Sensitivity Analysis Using a 75-Day
Landmark Period

When a 75-day landmark period was used, a
total of 245,433 patients comprised the weigh-
ted one-and-done cohort and 243,488 patients
comprised the weighted continuer cohort. The
probabilities of ischemic stroke or SE in the two
cohorts were comparable to those of the main
analysis (Fig. 5). The risk of ischemic stroke or
SE as a composite outcome was 43–48% higher
in the one-and-done cohort than the continuer
cohort at 3, 6, 12, and 24 months of follow-up
(all p\0.0001; Fig. 6).

DISCUSSION

In this retrospective real-world study of patients
with NVAF, 23.6% discontinued DOAC treat-
ment for at least 60 days after the first pre-
scription fill (i.e., after up to 1 month of
therapy) and 76.4% persisted on DOAC therapy
after the first fill. It is important to note that the
proportion of patients with one-and-done sta-
tus is an approximate estimate, as about 30% of
the patients initiating DOAC therapy were
impossible to classify as either one-and-done or
continuers on the basis of retrospective data.
Discontinuation of DOACs after up to a month
of therapy was associated with a significantly
higher risk of ischemic stroke or SE, with the
magnitude of this increased risk being similar
both short-term and long-term. Thus, while it is
possible that some patients who initially dis-
continued DOACs restarted the therapy later,
the findings of our study suggest that the asso-
ciation of the initial discontinuation with neg-
ative patient outcomes does not weaken over
time. These results remained robust with a
shorter landmark period in the sensitivity
analysis.

Treatment guidelines do not specify an
optimal duration of anticoagulation among
patients with AF, instead recommending ree-
valuation at periodic intervals to reassess stroke
risk and if there is a continued need for anti-
coagulation [14]. Although our study did not
evaluate reasons for DOAC discontinuation, it is
possible that the lack of specific guideline

recommendations may have contributed to
decisions to stop therapy in clinical practice.
Additionally, the risk or occurrence of bleeding
or patient out-of-pocket costs may also be
obstacles to continuous DOAC therapy [16, 27].
For instance, Rome et al. found that commer-
cially insured patients with AF who had high
DOAC copayments had higher rates of discon-
tinuation than those with low copayments [27].
In our study, the proportions of patients with
major bleeding at baseline and baseline HAS-
BLED score were balanced between the one-and-
done and continuer cohorts; patient out-of-
pocket paid amounts for the index drug claim
were also similar. Further study is warranted to
confirm which reasons may prompt patients
with NVAF to discontinue DOAC treatment
after the first prescription fill.

This study is the first to evaluate the associ-
ation between one-and-done DOAC use status
and patient outcomes in NVAF, filling the prior
knowledge gap regarding early DOAC discon-
tinuation and its related clinical consequences.
While previous literature has focused on dis-
continuation following longer durations of
DOAC treatment, it is largely consistent with
our findings on the negative consequences of
DOAC noncompliance. For instance, in the
GARFIELD-AF registry study, after the median
time on treatment of 182 days, discontinuation
of DOACs for at least 7 days was associated with
more than twofold increase in the risk of
ischemic stroke/SE (HR [95% CI] = 2.21 [1.42,
3.44]) [20]. Additionally, a meta-analysis of real-
world AF studies found that DOAC nonpersis-
tence was associated with increased risk of
stroke/transient ischemic attack (pooled HR
[95%] = 4.55 [2.80, 7.39]) [17]. The findings of
the current study corroborate prior literature
and contribute additional insight into the ele-
vated risk of stroke/SE among patients who
specifically discontinue DOAC treatment
within the first month of therapy.

Ischemic stroke in patients with AF can
result in serious clinical and economic conse-
quences requiring emergency and specialized
care [28]. Indeed, the healthcare resource uti-
lization associated with stroke is high; in 2018,
there were 904,000 inpatient discharges and
802,000 emergency department visits with
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stroke as the principal diagnosis [29]. Moreover,
survivors of AF-related ischemic stroke are more
likely to have longer hospital stays, disability,
and long-term care than survivors of stroke
from other causes [30]. This high healthcare use
translates to a large economic burden [8, 29]. In
one claims-based study of adult patients with
ischemic stroke, the cost of a hospital admission
with a primary diagnosis of ischemic stroke was
$23,770 for patients with AF, which was $4991
higher than the cost for patients without AF [8].
Given the substantial clinical and economic
burden associated with AF-related ischemic
stroke, there is an urgent unmet need to ensure
proper access and improve patient compliance
to DOACs so that downstream risk of ischemic
stroke/SE can be minimized. While anticoagu-
lation clinics were traditionally used for moni-
toring and dose adjustment of warfarin, their
expansion to additionally provide patient edu-
cation and periodic follow-up for those receiv-
ing DOACs may help to promote ongoing
treatment adherence [31]. Additional research is
warranted to identify factors associated with
early DOAC treatment discontinuation and
how they impact subsequent clinical and eco-
nomic outcomes, which may inform treatment
policies and decision-making in real-world
practice.

Limitations

Some limitations apply to the findings of this
study. Any diagnoses, services, or prescriptions
received from providers outside of the network
were not captured. For instance, patients who
switched to a different claims transaction net-
work for their prescriptions may have appeared
as less compliant. Additionally, drug samples
were not captured in the data; however, if
patients in the one-and-done cohort received
free samples, this would have led to more con-
servative risk estimates. Furthermore, a survival
bias may have been introduced as a result of the
landmark period design (i.e., the requirement of
at least 90 days post-index without stroke/SE
events); particularly, patients with only one
approved DOAC fill may have been less likely to
survive beyond 90 days than patients who

continued DOAC treatment. However, the sen-
sitivity analysis with a shorter landmark period
(i.e., 75 days) yielded comparable results.
Finally, as with all claims-based analyses, this
study may have been subject to residual con-
founding due to unmeasured confounders (i.e.,
information not available in transactions data).

CONCLUSIONS

This retrospective study demonstrated that
close to a quarter of patients with NVAF dis-
continued DOACs after up to a month of ther-
apy, and these patients had consistently higher
risk of ischemic stroke or SE short- and long-
term than patients who continued DOAC ther-
apy. There is a need to better understand the
factors associated with discontinuation of
DOACs to inform policies aimed at maximizing
the benefit of these agents among patients with
NVAF. Future studies may also evaluate the
economic impact of DOAC discontinuation
after the first prescription fill.
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