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Abstract Real-world evidence focusing on medica-
tion switching patterns amongst direct oral anticoagulant
(DOAC:S) has not been well studied. The objective of this
study is to evaluate patterns of prescription switching in
non-valvular atrial fibrillation (NVAF) patients initiated on a
DOAC and previously naive to anticoagulation (AC) therapy.
Data was obtained from Truven Health MarketScan® Com-
mercial and Medicare Supplemental database (2009-2013).
AC naive (those without prior anticoagulant use) NVAF
patients initiated on a DOAC, with 6 months of continuous
health plan enrollment before and after treatment initiation
and maintained on continuous therapy for a minimum of
6 months were included. Of 34,022 AC naive NVAF patients
initiating a DOAC, 6613 (19.4%) patients switched from an
index DOAC prescription to an alternate anticoagulant and
27,409 (80.6%) remained on the DOAC [age: 68.5+11.7
vs. 67.1+12.7 years, p<0.001; males: 3781 (57.2%) vs.
17,160 (62.6%), p<0.001]. Amongst those that switched
medication, 3196 (48.3%) did so within the first 6 months
of therapy. Overall, 2945 (44.5%) patients switched to war-
farin, 2912 (44.0%) switched to another DOAC and 756
(11.4%) switched to an injectable anticoagulant. The highest
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proportion of patients switched from dabigatran to warfarin
(N=2320; 42.5%) or rivaroxaban (N=2252; 41.3%). The
median time to switch from the index DOAC to another
DOAC was 309.5 days versus 118.0 days (p<0.001) to
switch to warfarin. In NVAF patients newly initiated on
DOAC therapy, one in five patients switch to an alternate
anticoagulant and one of every two patients do so within
the first 6 months of therapy. Switching from an initial
DOAC prescription to traditional anticoagulants occurs as
frequently as switching to an alternate DOAC.
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Introduction

After many decades of warfarin use, the antithrombotic land-
scape now includes four direct oral anticoagulants (DOACs)
approved for stroke prevention in non-valvular atrial fibril-
lation (NVAF) patients. Each DOAC agent (dabigatran,
rivaroxaban, apixaban and edoxaban) was demonstrated to
be at least as safe and effective as warfarin [1-4]. DOACs
also offer increased conveniences to patients and provid-
ers alike, such as predictable dose response, the elimination
of routine laboratory monitoring, as well as less drug—food
and drug—drug interactions [5, 6]. Given these advantages,
perhaps it comes as no surprise that utilization of DOACs
has increased worldwide [7—11], and as many as half of the
patients treated with oral anticoagulants in Europe and North
America are now treated with a DOAC [12].

While utilization trends have been documented, real-
world evidence focusing on treatment switching patterns
amongst DOACS is not well studied. Currently, the majority
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of the literature focuses on medication safety once antico-
agulant therapy has been switched [13—16] or on attitudes
to switching therapy [17, 18]. While recent studies have
assessed switching patterns in warfarin initiators [19] or in
a mixed anticoagulation (AC) therapy naive and non-naive
cohort [20], there remains a paucity of literature examining
switching patterns amongst those initiating a DOAC and
from DOAC:S to traditional therapies. Therefore, the objec-
tive of this study was to evaluate patterns of prescription
switching in NVAF patients initiated on a DOAC and previ-
ously naive to AC therapy.

Methods
Setting and participants

This is a retrospective observational cohort study using
patient-level claims data to evaluate patterns of medica-
tion switching amongst NVAF patients initiating a DOAC.
Data was obtained from Truven Health MarketScan®
Commercial and Medicare Supplemental Database for the
period 01/01/2009-12/31/2013. This database contains de-
identified medical claims for over 200 million unique U.S.
patients. The database is comprised of patient-level medical
inpatient and outpatient claims, enrollment, and outpatient
prescription information [21, 22]. Anticoagulant prescrip-
tion use was determined by National Drug Codes (NDC) in
the outpatient prescription file.

Patients were selected into the study cohort by the follow-
ing inclusion criteria: (1) > 1 prescription for a DOAC; (2)
> 18 years of age at the date of the first DOAC prescription
(hereafter referred to as the ‘index date’); (3) first NVAF
diagnosis prior to index date was confirmed with either 1
inpatient or 2 outpatient International Classification of Dis-
eases ninth edition (ICD-9) codes for AF (ICD-9: 427.31) in
the primary or secondary diagnosis position; (4) having at
least 6 months of continuous health plan enrollment before
and after index date. Patients were excluded from the study
cohort if they had any previous use of an anticoagulant prior
to index date or a concurrent claim for warfarin or another
DOAC on the index date.

Outcomes

Several outcomes were measured following DOAC initia-
tion. First, medication usage patterns of any DOAC (dabi-
gatran, rivaroxaban and apixaban) was observed. Edoxa-
ban was not included as it was not yet available and FDA
approved during the study period. Secondly, medication
switching patterns among patients newly initiated on a
DOAC were assessed. A medication switch was defined as
a claim during the follow-up period for an anticoagulant
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different than the index DOAC medication. This was evalu-
ated by (1) counting the number of switches from the index
DOAC medication, (2) documenting the first alternate anti-
coagulant the patient was switched to from the index DOAC,
and (3) the time in days to switch from the first anticoagulant
to the alternate anticoagulant. Lastly, predictors of switching
from the index DOAC therapy to alternate anticoagulants
were examined.

Baseline covariates

Patient demographic characteristics were identified at index
date. These characteristics include: age, gender, type of
health plan [comprehensive, exclusive provider organization
(EPO), health maintenance organization (HMO), point-of-
service (POS), preferred provider organization (PPO), high-
deductible health plan (HDHP) and consumer-driven health
plan (CDHP)] and census region of residence (northeast,
north central, south, west and unknown). Clinical character-
istics such as comorbidities were identified in the 6-month
period prior to index date. As such, comorbidities and an
aggregate Charlson Comorbidity Index (CCI) was generated
using previously validated ICD-9 algorithm using inpatient
and outpatient medical claims [23].

Statistical analysis

Demographic and clinical characteristics were compared
between patients who switched from their index DOAC
and those who remained on their index DOAC. Student ¢
tests or Wilcoxon rank sum test, as appropriate, were used
to compare continuous variables and the Chi square test was
used to compare categorical variables. A subgroup analysis
of switching patterns by age group (<55, 55-64, 65-74,
and >75 years) was conducted by using the Chi square test.
The time to switch to the first alternate anticoagulant was
assessed by using a Median Two-Sample Wilcoxon rank
sum test. Factors associated with switching from the index
DOAC to alternate anticoagulants were examined by mul-
tivariate logistic regression. Covariates from Table 1 (with
p<0.2 in univariate logistic models) were entered into a
final multivariate model using a backward elimination pro-
cess that only retained covariates with p <0.05. The Univer-
sity of Illinois at Chicago Institutional Review Board (IRB)
provided a determination that this work was not deemed
human subjects research (#2016-0043).

Results

A total of 34,022 NVAF patients were included in the study
cohort, with 1 in 5 patients switching from their index
DOAC to an alternate anticoagulant. More specifically, 6613
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Table.I. Baseline derpqgr aphic Patient characteristics at baseline Switched from index Remained on index DOAC P value
and clinical characteristics DOAC (N=6613; 19.4%)  (N=27,409: 80.6%)
Age (years), mean (SD)* 68.1 (11.8) 66.7 (12.8) <0.0001
Age group (years), n (%)*
<55 827 (12.5) 4403 (16.1) <0.0001
55-64 1890 (28.6) 8461 (30.9)
65-74 1681 (25.4) 6149 (22.4)
>75 2215 (33.5) 8396 (30.6)
Male, n (%)* 3781 (57.2) 17,160 (62.6) <0.0001
Region, n (%)*
Northeast 1468 (22.2) 5877 (21.4) 0.0386
Midwest 1632 (24.7) 7021 (25.6)
South 2392 (36.2) 10,170 (37.1)
West 1040 (15.7) 3980 (14.5)
Unknown 81 (1.2) 361 (1.3)
Health plan, n (%)*
Comprehensive 1863 (29.0) 7034 (26.6) 0.0081
EPO 36 (0.6) 168 (0.6)
HMO 576 (9.0) 2406 (9.1)
POS 331(5.2) 1459 (5.5)
PPO 3383 (52.7) 14,325 (54.1)
POS with capitation 17 (0.3) 100 (0.4)
CDHP 137 (2.1) 640 (2.4)
HDHP 83 (1.3) 366 (1.4)
Index medication, n (%)*
Apixaban 47 (0.7) 579 (2.1) <0.0001
Dabigatran 5456 (82.5) 18,065 (65.9)
Rivaroxaban 1110 (16.8) 8765 (32.0)
Charlson comorbidity index, n (%)*
0 2942 (44.5) 12,847 (46.9) 0.0022
14 3526 (53.3) 13,969 (51.0)
>5 145 (2.2) 593 (2.2)

EPO Exclusive Provider Organization, HMO Health Maintenance Organization, POS Non-capitated Point
of Service, PPO Preferred Provider Organization, CDHP Consumer-driven Health Plan, HDHP High

Deductible Health Plan

*Denotes a statistically significant difference (p<0.05) between patients that switch medication and

patients that remain on DOACs

(19.4%) patients switched therapy while 27,409 (80.6%)
remained on their index DOAC (Table 1). The mean age
[+ standard deviation (SD)] between those patients that
switched and those that remained on the index DOAC was
68.1 +11.8 versus 66.7+12.8 years (p<0.0001), with the
highest proportion of patients aged >75 years [(N=2215;
33.5%) vs. (N=8396; 30.6%), p<0.0001]. The propor-
tion of males was lower in patients that switched therapy
compared to those who did not switch [(N=3781; 57.2%)
vs. (N=17,160; 62.6%); p<0.0001]. Among those that
switched and remained on index DOAC therapy, dabigatran
was the most commonly used DOAC in both groups.
Amongst those that switched to an alternate anticoagu-
lant, 29.1% (N =1942) of patients switched therapy once

during follow-up and 70.9% (N =4689) switched > 2 times
(Table 2). Patients that switched therapy primarily switched
to warfarin (N=2945; 44.5%) or another DOAC (2912;
44.0%). Observing switching rates by individual DOACsS,
23.2% (N =5456) of patients switched from dabigatran,
11.2% (N=1110) from rivaroxaban and 7.5% (N=47) from
apixaban. The majority of patients switched from dabigatran
to rivaroxaban (N =2252; 41.3%) or to warfarin (N =2320;
42.5%) as their first alternate anticoagulant.

In assessment of switching patterns by time, the over-
all median (interquartile range; IQR) time to first switch
from index date was 190.0 (63.0-420.0) days. More specifi-
cally, the duration of time to switch to warfarin was 118.0
(41.0-287.0) days and to an alternate DOAC was 309.5
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(119.0-552.0) days (Table 3). Additionally, within 6 months
of DOAC therapy initiation, 1 in 2 patients had switched to
an alternate anticoagulant (48.3%) (Fig. 1a). The percentage
of patients that switched their index DOAC continued to
increase gradually over time. Examining switching patterns

over time, compared to DOACs, a higher proportion of
patients switched to warfarin at each time point (between 6
and 24 months post index date) (Fig. 1b).

In terms of switching patterns across age groups, a greater
proportion of older adults (> 65 years) switched their initial

Table 2 DOAC switching

2 Overall Initial DOAC
patterns: medications
Dabigatran Rivaroxaban Apixaban
Any switch, n (%)* 6613 (19.4) 5456 (82.5) 1110 (16.8) 47 (0.7)
1 switch* 1924 (29.1) 1665 (30.5) 244 (22.0) 15 (31.9)
>2 switches* 4689 (70.9) 3791 (69.5) 866 (78.0) 32 (68.1)
First anticoagulant switched to, n (%)*
DOAC 2912 (44.0)
Dabigatran NA 161 (14.5) 8 (17.0)
Rivaroxaban 2252 (41.3) NA 15 (31.9)
Apixaban 331 (6.1) 145 (13.1) NA
Vitamin K Antagonist (VKA) 2945 (44.5)
Warfarin 2320 (42.5) 607 (54.7) 18 (38.3)
Other 756 (11.4)
Injectable 553 (10.1) 197 (17.7) 6 (12.8)

DOAC direct oral anticoagulant

*Denotes a statistically significant difference (p <0.05) between individual DOACs

#Denotes a statistically significant difference (p<0.05) between types of anticoagulants (DOACs, VKA

and Injectable)

Table 3 DOAC switching patterns: time

DOAC

Vitamin K antagonist Injectable

Time to first switch (days), median (IQR)*

309.5 (119.0-552.0)

118.0 (41.0-287.0) 166.5 (67.5-340.5)

DOAC direct oral anticoagulant

#denotes a statistically significant difference (p <0.05) between types of anticoagulants (DOACs, VKA and Injectable)
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Fig. 1 Switching pattern over time: a overall, and b by type of anti-
coagulant. a Within 6 months, 48.3% of patients had switched from
their index DOAC. b Within 6 months, of those switching therapy to
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DOACS, 34.6% had switched. Of those switching to warfarin, 60.9%
had switched
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Table 4 DOAC switching patterns: age

<55 Years 55-64 Years 65-74 Years >75 Years

Switching ini- 827 (15.8) 1890 (18.3) 1681 (21.5) 2215 (20.9)
tial DOAC,
n (%)*

Anticoagulant switched to, n (%)*
DOAC 335(40.5) 813(43.0)0 808 (48.1) 956 (43.2)
Warfarin 376 (45.5) 778 (41.2) 686(40.8) 1105 (49.9)
Injectable 116 (14.0) 299 (15.8) 187 (11.1) 154 (7.0)

DOAC direct oral anticoagulant

*Denotes a statistically significant difference (p <0.05) between <55,
55-64, 65-74 and >75 year old patients

Table 5 Predictors of switching from the index DOAC

Covariate QOdds ratio (95%CI) P value

55-64 years versus <55 years* 1.15 (1.05-1.27) 0.0028
65-74 years versus <55 years* 1.40 (1.27-1.54) <0.0001
>75 years versus <55 years* 1.32 (1.20-1.45) <0.0001
Male versus female* 0.82 (0.78-0.87) <0.0001
Apixaban versus dabigatran® 0.25 (0.18-0.34) <0.0001
Rivaroxaban versus dabigatran®*  0.41 (0.38-0.44) <0.0001
CCI 1-4 versus 0 1.06 (0.99-1.18) 0.0650
CCI>5 versus 0 1.02 (0.84-1.24) 0.8293

CI Confidence interval, DOAC direct oral anticoagulant
*Denotes a statistically significant difference (p <0.05)

DOAC therapy when compared to those <65 years old
(Table 4). Further, 21.5% (N =1681) of patients 65-74 years
and 20.9% (N =2215) of patients >75 years switched to an
alternate anticoagulant. Amongst patients >75 years, 49.9%
switched to warfarin and 43.2% to an alternate DOAC.

All baseline covariates presented in Table 1 were included
in a multivariate model to determine predictors of switching
initial DOAC therapy. Region was not included in the model
as it was not associated with switching therapy in univariate
analysis (p>0.2). In addition, each variable included in the
health plan covariate was also removed from the multivariate
analysis due to p>0.05. Therefore, the predictors of switch-
ing index DOAC therapy were age, sex, CCI and the type of
index medication (Table 5). Each age group (55-64, 65-74
and > 75 years) significantly increased the odds of switching
initial therapy by 15-40% compared to <55 year olds. Com-
pared to females, being a male decreased the odds of switch-
ing therapy by 18% (OR 0.82; CI 0.78-0.87; p<0.0001).
Interestingly, using apixaban or rivaroxaban as the index
DOAC significantly decreased the odds of switching ther-
apy by 75 and 59%, respectively, compared to dabigatran
[(apixaban: OR 0.25; CI 0.18-0.34; p <0.0001); (rivaroxa-
ban: OR 0.41; CI 0.38-0.44; p<0.0001)].

In an effort to explore additional factors that may influ-
ence switching patterns among DOAC initiators, addi-
tional analysis was undertaken. Factors that were examined
included mean copayments (copays), the timing of FDA
approvals for rivaroxaban and apixaban, renal function and
clinical outcomes. With regard to mean copays, there was
no statistically significant difference in the mean copays
between patients that switched index DOAC and those that
did not [(switched index DOAC: $45.07) vs. (remained
on index DOAC: $45.48); p=0.46]. Further, only 4.4%
(N=100) and 6.9% (N =33) of patients switched their index
DOAC therapy within 3 months of rivaroxaban and apixa-
ban approval, respectively., Among all adults that switched
index therapy, only 5.7% (N =378) had renal insufficiency.
Lastly, the proportion of patients experiencing a thrombo-
embolic or bleeding event decreased after switching therapy.
Among adults that switched therapy, 198 (3.0%) experienced
a stroke/TIA event prior to switching but only 69 (1.0%)
patients had an event after switching therapy (p <0.0001).
Similarly, 136 (2.1%) patients experienced a major bleed
prior to switching but 115 (1.7%) had an event after switch-
ing therapy (p <0.0001).

Discussion

In our study of AC naive NVAF patients, 19.4% switched
from their index DOAC therapy to an alternate anticoagu-
lant. Of those that switched, interestingly, similar propor-
tions of patients switched to either a different DOAC (44.0%)
or to warfarin (44.5%). Further, almost 71% of patients had
>?2 switches in their anticoagulant therapy. While the high-
est proportion of patients initiated dabigatran, this should not
necessarily be construed as provider preference but rather
as specific DOACs availability in the US and the timeframe
of our dataset. Given this, however, it is important to note
that almost 1 in 4 dabigatran initiators switched their therapy
to either rivaroxaban (41.3%) or to warfarin (42.5%). The
decrease in dabigatran utilization over time is consistent
with findings also reported in previous studies [9, 19, 24].
The DOACs have been considered to be more convenient
and at least as safe and effective as warfarin, yet in this real-
world study we see a large percentage of our cohort switch-
ing over to warfarin. More specifically, nearly 50% of adults
>75 years old switched from their index DOAC to warfarin
and in the majority of cases this switch occurs within the
first few months of DOAC initiation. Interestingly, as only
8.8% of these adults (>75 years old) had documented renal
insufficiency, additional clinical and patient related fac-
tors likely contribute to the preference for warfarin over a
DOAC. One such factor could be the preference and benefits
of a more structured anticoagulation management approach
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that offers patients a greater provider support system and
enhanced education.

Given that a fairly high percentage of patients switched
from their index DOAC and this aspect has not been previ-
ously studied amongst DOAC initiators, we explored factors
that may explain the necessity to switch. Our multivariate
model illustrated that older age and female gender were sig-
nificantly associated with a higher likelihood to switch index
therapy. Additionally, since one of the core criticisms against
DOAC use has been their high cost, we compared the mean
copays for the index DOAC prescription between patients
that switched and those that remained on their index medica-
tion. Since there was no statistically significant difference in
the mean copays for the two groups, it remains inconclusive
if economic circumstances alone drive switching behavior.
Additionally, we examined whether FDA approval had an
impact on switching patterns. To this end, only a small per-
centage of patients switched their therapy within 3 months
of rivaroxaban and apixaban approval, thereby reducing any
reasoning that the availability of newer DOACs motivated
switching behavior. Furthermore, we specifically observed
renal function in this cohort in order to assess whether
renal insufficiency may impact switching patterns. Again
only a small proportion of patients that switched had renal
insufficiency. Lastly, in assessment of thromboembolic and
bleeding outcomes, it is observed that the proportion of
patients experiencing an event significantly decreases after
the switching of therapy. Perhaps then, clinical outcomes
act as the catalyst for switching from an index DOAC to
an alternate anticoagulant because all other factors provide
inconclusive evidence. Given this, further investigation is
warranted to assess clinical and patient related factors such
as therapy related complications, drug interactions or patient
and provider preferences for systematic management models
of care.

While our study addresses a knowledge gap in current,
contemporary anticoagulation practice, our results must
be interpreted in context of some study limitations. Given
the nature of administrative claims data, there are potential
covariates that may predict or explain switching behavior,
yet were not available in the dataset such as demographic,
socioeconomic or clinical factors. Especially in the case of
disease states such as renal insufficiency, laboratory values
were not available in our dataset, and therefore previously
validated algorithms were used [23]. Additionally, spe-
cific reasons for switching were not included in this data-
set, which are important to this work. However, we have
explored factors such as medication cost and FDA approval
status to assess their potential impact on switching patterns.
Also, as patients were required to meet continuous enroll-
ment criteria, those that had dis-enrolled or died were not
eligible to contribute to our cohort. Lastly, this study uses
data from a commercially insured population which may not
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be generalizable to other populations. Despite these limi-
tations, using administrative claims to address medication
usage patterns is a defensible approach [25].

Conclusion

In conclusion, our study is among the first to assess real-
world DOAC treatment switching patterns in previously AC
naive patients with NVAF. Among these patients, 1 in 5
switched their initial DOAC to an alternate anticoagulant
and 1 in 2 switched their therapy within the first 6 months
of initiation. Interestingly, switching from an initial DOAC
prescription to traditional anticoagulants occurred just as
frequently as switching to an alternate DOAC. While addi-
tional investigation is warranted to assess potential causes
for switching, the availability of DOAC-specific reversal
agents and emergence of personalized medicine will con-
tribute to shaping future antithrombotic treatment patterns.
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