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Abstract

Objective: Oral anticoagulation (OAC) prescribed to AF patients for the prevention of
cardioembolic complications likely has the added benefit of preventing venous thromboembolism
(VTE). We evaluated, among AF patients who are anticoagulated, whether type of OAC was
associated with subsequent VTE risk.

Methods: Non-valvular AF patients prescribed OACs between 2010 and September 2015 were
identified via the MarketScan administrative claims databases. OACs included warfarin and direct
OACs (DOACs: dabigatran, rivaroxaban and apixaban). Incident VTE was defined by ICD-9-CM
codes. Patients were matched on age, sex, CHA,DS,-VASc and high-dimensional propensity
scores. The final analysis included 117,912 AF patients.

Results: 1,357 VTE events accrued over a mean follow-up of 484 days. In multivariable-
adjusted, propensity score-matched Cox models, relative to new users of warfarin, risk of incident
VTE was lower among new users of dabigatran [hazard ratio (95% confidence interval): 0.55
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(0.47-0.66)] and apixaban [0.51 (0.39-0.68)], but similar among new users of rivaroxaban [1.01
(0.87-1.19)]. In head-to-head DOAC comparisons, VTE risk was lower among users of dabigatran
[0.48 (0.36, 0.64)] and apixaban [0.61 (0.47, 0.78)], versus rivaroxaban. Findings were mostly
similar across patient subgroups.

Conclusions: In this large practice-based population of AF patients prescribed OACs for
primary prevention of stroke and systemic embolization, subsequent risk of VTE was lowest
among those prescribed apixaban and dabigatran, while risk was similar with prescriptions for
warfarin and rivaroxaban. Among AF patients prescribed OACs, lowering risk of VTE may be an
additional benefit of apixaban and dabigatran, beyond the reduced bleeding risk observed in
randomized clinical trials.
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Introduction

Atrial fibrillation (AF) and venous thromboembolism (VTE) are common conditions among
older adults.[1] Over their lifetime, approximately 1 in 4 individuals will experience AF,[2]
while 1 in 8 will develop VTE.[3] VTE consists of both pulmonary embolism (PE) and deep
vein thrombosis (DVT).

Management of non-valvular AF includes rate or rhythm control, as well as oral
anticoagulant therapy (OAC) for the prevention of stroke and cardioembolic complications
in patients with a CHA,DS,-VASc score >2.[4] Historically, OAC choices were limited to
vitamin K antagonists such as warfarin in the U.S. In 2010 options for OAC therapy
expanded with approval by the U.S. Food and Drug Administration of the first of now
several direct oral anticoagulants (DOACS). In randomized clinical trials[5, 6, 7, 8] and large
observational comparative effectiveness studies,[9] DOACS (i.e. dabigatran, rivaroxaban,
apixaban, edoxaban) have been shown to be as effective as warfarin for the prevention of
stroke and cardioembolic complications in non-valvular AF patients.

Although the primary focus of anticoagulation therapy in AF patients is to prevent ischemic
stroke and systemic embolism, there are likely additional benefits in regard to preventing
VTE. This is especially important since VTE predominantly afflicts the elderly and those
with comorbidities, and converging evidence from both pathophysiologic and epidemiologic
studies support AF as a potential VTE risk factor.[10, 11, 12] More specifically, AF may
lead to PE through right atrial thrombi formation, or to VTE via the procoagulant state
which accompanies AF.[13, 14] Among non-valvular AF patients it is likely that
anticoagulant therapy lowers risk of VTE, given the proven efficacy of OACs for the
secondary prevention of VTE[15, 16] and the primary prevention of VTE after hip or knee
arthroplasty.[17] However, the comparative effectiveness of warfarin versus DOACs for
V/TE risk reduction in AF patients is unknown. Using data from the MarketScan
administrative claims database, we tested the hypothesis that, among non-valvular AF
patients, DOACs would be more effective than warfarin in preventing VTE. Head-to-head
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comparisons of individual DOACs were also explored, in order to identify the OAC option
which may have the greatest utility for preventing VTE in AF patients.

Methods
Study population

Health claims data obtained from the MarketScan data warehouse (Truven Health Analytics,
Inc., Ann Arbor, MI),[18] for the time-period from January 1, 2010 through September 30,
2015, were used to conduct this retrospective cohort study. Specifically, we used data from
both the MarketScan Commercial Database, which consists of employer and health plan
sourced data, and the Medicare Supplemental database, which includes retirees with
Medicare supplemental insurance paid for by employers. Beneficiaries in these databases
have detailed inpatient and outpatient medical claims that are linked to outpatient
prescription drug claims and person-level enroliment information. The MarketScan
databases are de-identified, compliant with the Health Insurance Portability and
Accountability Act, and commercially available. As such, the University of Minnesota
Institutional Review Board deemed this analysis exempt from review. The present analysis
includes individuals aged 45 and older with prevalent non-valvular AF, at least one
prescription for oral anticoagulation after their first AF claim, and =90 days of continuous
enrolment prior to their first oral anticoagulant prescription. AF was defined as having at
least one inpatient claim for AF or 2 outpatient claims for AF 7 to 365 days apart
[International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes 427.3, 427.31, and 427.32 in any position]. This definition has a positive predictive
value of about 90%, and a sensitivity of approximately 80%.[19] We did not include
individuals with ICD-9-CM codes indicating valvular disease, repair or replacement, since
DOACs have only received approval for non-valvular AF. For individuals who disenrolled
and re-enrolled, only the first enrolment period was considered in the analysis.

The initial sample included 956,884 non-valvular AF patients, aged 18 to 99 years. The
analytic sample was 546,214 once we restricted to individuals on OACs between January 1,
2010 and September 30, 2015; 217,962 after requiring =3 months of continuous enrolment
before the 15t OAC prescription; 212,058 after requiring participants to be aged 45 or older
(VTE and AF at younger ages often has atypical etiology and different treatment
considerations); and 202,617 after additionally excluding those with VTE prior to or on
same date as the first OAC prescription. These 202,617 were eligible for matching.

Anticoagulant use

Prescriptions for warfarin and DOACs were identified from 2010 through September 30,
2015. Validity of warfarin claims in administrative databases is excellent (sensitivity: 94%,
positive predictive value (PPV): 99%),[20] and validity for DOACSs claims has not yet been
established.

The primary analysis focused on ‘new users’ (i.e. individuals without known prior exposure
to OACs). Participants were categorized according to the first OAC they were prescribed. In
order to mimic the intent-to-treat approach of a randomized clinical trial,[21] participants
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remained in this initial category for the entire analysis. For secondary analyses we identified
‘switchers’, specifically warfarin users switching to dabigatran, rivaroxaban or apixaban,
and initial dabigatran users switching to rivaroxaban. Other switching comparisons were not
conducted due to low numbers.

Initial matching

Each DOAC new user was matched with up to 5 warfarin-only new users by age (+ 3 years),
sex, time since database enrolment (+ 90 days) and drug initiation date (= 90 days).
Matching was done separately for each individual DOAC versus warfarin, using an
automated greedy matching algorithm.[22] The matching process was repeated for each
head-to-head DOAC comparison.

For switching analyses, when warfarin-only users were the reference, individuals switching
from warfarin to a DOAC were matched with up to 5 warfarin-only users by age (+ 3 years),
sex, time since database enrolment (+ 90 days) and warfarin initiation date (+ 90 days). The
date the individual switched to the DOAC (the index date) then became the index date for
the matched warfarin-only user. Warfarin users must have had =90 days of warfarin use
before the index date to be considered as a match. A similar process was used for the
analysis of dabigatran-only users who switched to rivaroxaban.

VTE ascertainment

Incident VTE cases were identified by having at least 1 inpatient claim for VTE (ICD-9-CM
codes 415.1x, 451.1x, 453.2, 453.4x, 453.5x%, 453.8, or 453.9 in any position). The validity
of ICD-9-CM codes for the identification of VTE has been well established,[23, 24, 25, 26,
27, 28, 29] with a positive predictive value of approximately 85%.

Assessment of pre-specified covariates

Information prior to the OAC initiation date (minimum 90 days) from all data sources in
MarketScan (i.e. demographic data, inpatient, outpatient and pharmacy claims) was used to
derive pre-specified covariates. Using validated published algorithms,[30, 31] we defined
numerous pre-specified comorbidities, prior procedures, and medications (pharmacy
prescription fills). These are listed in Table 1, and details of the codes used to derive these
covariates are provided in Supplementary Table 1. The CHA,DS,-VASc score[32] was also
calculated.

Creation of high-dimensional propensity scores (HDPS) & re-matching

Separate high-dimensional propensity scores[33] were calculated for each one of the main
comparisons (individual DOACSs vs. warfarin or vs. other DOACS) for both the analyses of
new OAC users (6 comparisons) and switchers (4 comparisons). Briefly, the steps to obtain
the high dimensional propensity scores are as follows: [33]

1 Information in MarketScan was categorized into 5 domains: inpatient diagnostic
codes, inpatient procedure codes, outpatient diagnostic codes, outpatient
procedure codes, and medications. Within each of the 5 domains, we selected the
200 most prevalent conditions. This resulted in 1,000 covariates.
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2. All the covariates in the dimensions listed above were empirically rank ordered
based on their potential for controlling confounding (i.e. strength of the
covariate-outcome association and prevalence of the covariate).[34] We selected
the top 500 covariates based on this ordering.

3. These 500 covariates, along with the pre-specified covariates mentioned above
(also listed in Table 1), were included as covariates in a regression model to
calculate the probability of receiving a specific DOAC versus warfarin (or the
reference DOAC).

As noted above, anticoagulant users were initially matched by age, sex, enrolment date and
anticoagulant initiation date, for the purpose of defining an index date, and to collect
covariate information at the time of drug initiation. To make the participant characteristics
even more similar at the time of drug initiation, for each comparison we then re-matched
patients according to each outcome-specific HDPS. A greedy matching technique with a
caliper of 0.25 of a standard-deviation of each HDPS was used to improve exchangeability.
[35] Using this caliper approach, participants were matched with up to 3 comparison
participants (i.e. users of warfarin, or the reference DOAC).

Estimating magnitudes of effect

Results

Cox proportional hazards regression was used to estimate the association between OACs and
risk of incident VTE. Follow-up began at the date of the index drug prescription (i.e. for new
user analyses date of first OAC prescription, for switcher analyses date of switching to a
different OAC prescription). Person-time accrued until incident VTE, health plan
disenrollment, or the end of study follow-up, whichever came first. Cox proportional hazards
models were adjusted for age (continuous), sex, CHA,DS,-VASc and HDPS. Separate
models also compared OACs by dosage. Multiplicative interactions were evaluated by sex,
age (<75 vs. =75 years), CHA,DS,-VASc score (<2 vs. =2) and time since OAC prescription
index date (<90 vs. =90 days). We also conducted analyses stratified according to whether
the VTE was initially treated in an inpatient or outpatient setting, and evaluated separately
the outcomes of PE (with or without DVT) and DVT alone.

Sensitivity analyses were also conducted requiring =6 months of continuous enrolment
before the 15t OAC prescription (=3 months was used for the primary analysis). All
statistical analyses were performed with SAS v9.3 (SAS Inc, Cary, NC). As the MarketScan
data are a commercial data source, the data are not publically available for free; however
they can be purchased from Truven Health Analytics.

For the primary ‘new user’ analysis a total of 117,912 AF patients were successfully
matched, both initially and also on HDPS. Characteristics of these individuals, according to
initial prescribed OAC, are provided in Table 1. There were a total of 41,592 patients
prescribed warfarin, 28,089 prescribed dabigatran, 31,119 prescribed rivaroxaban and
17,112 prescribed apixaban. Overall, the AF patients were well-matched across OAC
options, though participants prescribed warfarin were slightly older, had modestly higher
prevalences of most chronic conditions (e.g. malignancy, heart failure), and higher
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CHA,DS,-VASCc scores. For example, CHA,DS,-VASc scores were 3.9 for patients
prescribed warfarin, 3.6 for those prescribed dabigatran, 3.3 for those prescribed
rivaroxaban, and 3.4 for those prescribed apixaban.

In our matched sample of 117,912 AF patients, a total of 1,357 incident VTE events
occurred over a mean follow-up of 484 + 404 days [median (IQR): 384 (153, 718)]. Table 2
presents hazard ratios (HRs) and 95% confidence intervals (95% ClIs) for incident VTE
among new OAC users, by OAC prescription, after adjusting for age, sex, CHA,DS,-VASc
score and HDPS. Relative to AF patients prescribed warfarin, risk of incident VTE was
lower among those prescribed dabigatran [HR (95% CI): 0.55 (0.47, 0.66)] and apixaban
[0.51 (0.39, 0.68)]. There was no difference in VTE risk when comparing rivaroxaban to
warfarin [1.01 (0.87, 1.19)]. In head-to-head comparisons of DOACS, as compared to
rivaroxaban users, risk of VTE was lower among dabigatran [0.48 (0.36, 0.64)] and apixaban
[0. 61 (0.47, 0.78)] users, respectively. Risk of VTE was similar among apixaban and
dabigatran users (HRapixaban vs. dabigatran = 1.06 (0.57, 1.95)]. Results were also similar in
analyses looking separately at PE and DVT events (Supplemental Table 2).

Figure 1 presents findings of pre-defined subgroup analyses, comparing DOACSs to warfarin,
according to categories of sex, age (<75 vs. = 75 years), CHA,DS,-VASc score <2 vs. >2)
and dividing follow-up time into early versus late (<90 vs. =90 days). The direction of the
effect estimate was the same across all subgroups compared; however in some instances the
magnitude of the effect was significantly different across subgroups. In comparisons of
dabigatran and apixaban vs. warfarin, both of these DOACs appeared more beneficial for
preventing VTE in the first 90 days of follow-up vs. follow-up beyond =90 days. For
rivaroxaban vs. warfarin, there was some evidence that the association was more protective
among individuals with a CHA,;DS,»-VASc <2 Results were also similar when analyses were
stratified according to whether the VTE was initially treated in an inpatient or outpatient
setting (Supplemental Table 3).

We also explored associations by OAC dose. Of dabigatran users, 90.3% were on the
standard 150 mg dosage and 9.7% were on the 75 mg dosage. Among rivaroxaban users
73.4% were on the standard 20 mg dosage, while 7.9% were on the 10 mg dosage and
18.6% on the 15 mg dosage. Of apixaban users, 81.5% were on the standard 5 mg dosage,
and 18.5% were on the 2.5 mg dosage. In the analyses stratifying DOACs by initial dosage
(Table 3), risk of VTE in AF patients was similar according to dose for both dabigatran vs.
warfarin and apixaban vs. warfarin. For rivaroxaban vs. warfarin there were differences; for
the standard dose (20 mg) the HR was 0.67 (0.56, 0.82), while for the 15 mg dose it was
2.15 (1.74, 2.66) and for the 10 mg dose 1.33 (0.94, 1.86). In Supplemental Table 4 we
explored participant characteristics according to rivaroxaban dose. Those on the 15 mg dose
tended to be older, and have more kidney disease and other comorbidities.

For the analyses of OAC “switchers’ there were 72,851 AF patients successfully matched,
both initially and by HDPS. These patients went on to experience 743 VTE events over a
mean follow-up of 473 £ 403 days [median (IQR): 368 (152, 685)]. Analyses of AF patients
who switched from their initial OAC to a different OAC are shown in Table 4. As compared
to patients who remained on warfarin, patients who switched from warfarin to dabigatran
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and apixaban experienced lower risk of VTE versus staying on warfarin, respectively. There
were no others significant differences VTE risk among people who switched OACs.
However, as there are fewer switchers the effect estimates are less precise than for the new
user analyses.

In sensitivity analyses we required =6 months of continuous enrolment before the 15t OAC
prescription. Results were similar to those of the primary analysis, which required a =3
month “run-in” period (Supplemental Table 5).

Discussion

In this retrospective claims-based analysis of 117,912 AF patients, risk of VTE was lower
among patients prescribed dabigatran and apixaban, than among patients prescribed
rivaroxaban and warfarin. However, it is important to note that warfarin users were slightly
older and had more comorbidities than DOAC users. These patterns were generally
consistent across AF patient subgroups, and when we evaluated OAC ‘switchers’. There was
some evidence that rivaroxaban performed better among those who had lower CHA,DS5-
VASCc scores, and that dabigatran and apixaban had the greatest benefit in the initial 90 days
after OAC prescription. However, these subgroup analyses were based on smaller groups of
AF patients. These findings suggest that within the context of AF, dabigatran and apixaban
may be more beneficial than warfarin and rivaroxaban for the prevention of VTE.

A growing body of evidence has linked AF to elevated risk of VTE,[10, 11, 12] and AF
patients are commonly prescribed OACs to prevent thromboembolic complications.[4] Yet,
to our knowledge this is the first study to compare the effectiveness, in terms of VTE risk, of
OACs prescribed for the prevention of stroke in AF. Notably, among VTE patients DOACs
are now approved for VTE primary treatment and secondary prevention[36] on the basis of
randomized trials demonstrating non-inferiority of DOACSs versus warfarin for VTE primary
treatment and superiority of DOACs versus placebo for the secondary prevention of
recurrent VTE.[37, 38, 39, 40, 41, 42, 43] Findings from the present analysis complement
those from the trials of VTE patients, providing additional support for the VTE-protective
effects of dabigatran and apixaban. Further, our results are consistent with a protective effect
of dabigatran and apixaban vs. warfarin for the prevention of VTE in the context of AF; this
is important given the growing appreciation of AF as a VTE risk factor,[10, 11, 12]
potentially acting through mechanisms such as right atrial thrombi formation, and the
procoagulant state which accompanies AF.[13, 14]

In head-to-head comparisons of DOACS, users of both dabigatran and apixaban had lower
rates of VTE than users of rivaroxaban in our study sample. Notably both apixaban and
rivaroxaban act by directly inhibiting factor Xa (which acts to cleave prothrombin to
thrombin), while dabigatran directly inhibits thrombin.[44] Our analyses of AF patients who
switched anticoagulants followed a similar pattern, with dabigatran and apixaban appearing
preferential to rivaroxaban and warfarin for preventing VTE. However, effect sizes were
smaller than for the new user analyses, and precision was poor for apixaban. It is not clear
why rivaroxaban was less effective for preventing VTE in the present analysis. In practice-
based head-to-head comparisons of DOACs for the prevention of stroke or thromboembolic
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events in AF, some studies have suggested poorer performance of rivaroxaban (versus
dabigatran)[45] while other studies have shown no difference.[46, 47, 48] From a
pharmacokinetic point of view, despite rivaroxaban’s shorter half-life (~5-9 hours in
younger healthy individuals; 11-13 hours in elderly patients)[49] it has a once-daily dosing
regimen, whereas dabigatran and apixaban have twice daily dosing regimens despite longer
half-lives (12-17 hours and 8-15 hours, respectively).[44] As such, poor compliance among
rivaroxaban users may be particularly hazardous. In the present analyses, when we evaluated
specific doses of rivaroxaban, risk was VTE was substantially higher among AF patients
prescribed the 15 mg dose, and comorbidity burden was highest among this group. It is
possible that the 15 mg dose is not sufficient for anticoagulation, and that the 20 mg
(standard) dose should have been used instead. In an analysis of Optum data, reduced dose
rivaroxaban was associated with (nonsignificant) stroke risk compared to warfarin.[50]
Interestingly, and similar to our analysis, that pattern was not seen for dabigatran or
apixaban. There is a growing body of literature suggesting that inappropriate DOAC dosing
is commonplace.[51, 52, 53] Though in the MarketScan data it is not possible to determine
appropriateness of rivaroxaban doses prescribed, we speculate that anticoagulation may have
been inadequate for some AF patients prescribed the 15 mg dose.

Understanding the comparative effectiveness of DOACSs versus warfarin according to patient
subgroups is important, since bleeding profiles and the effectiveness of OACs may vary by
patient characteristics such as age. A concern frequently raised about results of randomized
clinical trials relates to their generalizability to patient subgroups, given that a) the sample
size of randomized clinical trials often results in poor precision to detect effects in patient
subgroups, and b) the inclusion criteria of randomized clinical trials may result in samples
which may not be generalizable to the entire patient population. Given the large number of
AF patients in the present analysis, we had capacity to explore associations in patient
subgroups. A prioriwe specified as subgroups of interest sex, categories of age and
CHA,DS,-VASCc score. We also evaluated associations according to time since initial OAC
prescription. Overall, patterns across subgroups of interest and follow-up time were similar
to those observed in the full cohort. However, there were a few exceptions, which need to be
interpreted cautiously given the smaller sample sizes for subgroup analyses and multiple
comparisons. As compared to warfarin, both dabigatran and apixaban were associated with
lower VTE risk. However, for both the magnitude of the association varied by time since
initiation, with the relative risk of VTE being lower in the initial 90 days of treatment as
compared to after longer treatment durations. This is not unexpected since some DOACs
(i.e. rivaroxaban and apixaban) are approved for the initial treatment of VTE and therapeutic
levels occur within several hours, whereas with warfarin INRs do not stabilize for several
weeks.[54] No statistically significant interactions by sex or age category were observed.
Results were also similar when we evaluated the endpoints of PE and DVT separately.

The present analysis has several strengths. First, the sample size of OAC users was large,
resulting in a sizable number of VTE events, and the ability to evaluate associations by
patient subgroups and by DOAC dosage. Second, we conducted comparisons of each DOAC
versus warfarin, and head-to-head comparisons of DOACs, something not likely to be done
in industry-sponsored research. Third, we evaluated these associations outside of a highly
selected randomized clinical trial population. Thus, our results may have higher external
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validity, being generalizable across the breadth of patient and provider profiles, and
representative of routine clinical practice. This analysis also has limitations. Foremost is the
possibility of uncontrolled confounding; namely, that warfarin users had more comorbidities
than DOAC users and therefore were at higher risk of VTE. Our study period includes the
first few years after DOAC approvals. Thus, clinicians may have restricted DOAC
prescription to selected patients; as clinicians become more comfortable with prescription of
DAOCs, patients profiles may change and, as a consequence, comparative effectiveness
could be affected. We attempted to control for confounding through matching on initial
patient characteristics (including age and CHA,DS,-VASc), then re-matching on HDPS,
which combined information on key pre-specified covariates and the wealth of information
available in the MarketScan database. This approach has been shown to be effective at
controlling for confounding.[33] Also, this analysis used administrative data, which have
known limitations regarding misclassification. However, the AF and VVTE algorithms used
have high PPVs. Outpatient VTE events were not included in the present analysis, as some
studies have shown them to have a low PPV[55] unless there is evidence of OAC therapy
prescribed for the indication of VTE.[56] Warfarin also has a high PPV, and DOACs may as
well. Additionally, for warfarin time in therapeutic range is unknown. However, it is
important to note that the intent of this manuscript was to assess OAC comparative
effectiveness in a ‘real world’ setting. In the ‘real world’, patients on warfarin are often
outside the therapeutic range. A strength of the present analysis is that it reports risk of VTE
according to ‘usual use’ of warfarin and the DOACS, respectively, in a broad patient
population. Were the population on warfarin in tight therapeutic control, the results may
have differed. Another consideration related to OACs is that patients may switch OACs or
cease taking the medication. However, those who switch or have low persistence may be
different than those who do not, thus leading to bias. To mitigate this, our analyses were
based on OAC initially prescribed, following the intent-to-treat principle, which has been
shown to be advantageous in making observational data more closely resemble clinical trial
data.[21] Secondarily, we did evaluate risk among switchers versus individuals who
remained on their originally prescribed OAC. Also, a variety of patients were on reduced
doses of DOACSs; given our data the rationale for the reduced doses is unclear. Despite the
limitations of administrative data, they represent an efficient way to answer these research
questions. Randomized clinical trials, in comparison, would need to be extremely large, and
thus prohibitively expensive and time-consuming, to capture this number of VTE events.
Non-administrative observational data sources are typically too small to answer the
questions posed here. Despite the limitations of administrative data, when used with rigorous
analytic methods, these data can provide timely answers about the comparative effectiveness
of different treatment strategies.[57] Lastly, edoxaban was not included in the present
analysis, as it was only approved by the Food and Drug Administration in January 2015.

In these retrospective claims-based analyses we demonstrated that, among AF patients with
health insurance, the use of dabigatran and apixaban over warfarin and rivaroxaban to
prevent thromboembolic complications was associated with lower rates of incident VTE.
Future studies should evaluate whether dabigatran or apixaban may be preferentially
prescribed in AF patients at particularly elevated risk of VTE.
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Risk of incident VTE according to initial OAC therapy with dabigatran, rivaroxaban or
apixaban versus warfarin* in patients with non-valvular AF, by patient characteristics,
MarketScan databases, 2010 to September 30, 2015.
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Table 1.

Characteristics * of atrial fibrillation patients by anticoagulant use, MarketScan databases, 2010 to September
30, 2015.

New Users

Warfarin (n=41,592) Dabigatran (n=28,089) Rivaroxaban (n=31,119) Apixaban (n=17,112)

Age, years 719+114 69.3+114 69.1+114 69.9+11.7
Female, % 39.8 36.3 39.3 40.6

Comorbidities, To

Hypertension 82.6 825 7.7 80.7
Diabetes 35.0 33.0 29.6 30.8
Myocardial infarction 12.8 10.8 8.9 9.7
Heart failure 36.6 324 259 28.3
Ischemic stroke/TIA 21.7 255 19.2 20.6
Hemorrhagic stroke 15 11 0.80 1.03
Peripheral artery disease 22.3 20.7 15.3 16.2
Dementia 2.3 1.7 13 13
Renal Disease 153 111 9.0 121
Chronic pulmonary disease 334 314 26.4 27.3
Liver disease 6.6 7.2 5.2 5.3
Malignancy 16.2 15.6 13.2 13.6
Depression 11.9 11.4 9.8 10.2
Hematological disorders 16.5 13.9 10.0 10.3
Metastatic cancer 2.6 23 1.9 1.7
Alcohol abuse 0.65 0.64 0.52 0.44
Gastrointestinal bleed 10.7 12.2 7.0 6.7
Other bleed 8.2 7.9 45 47
CHA,DS,-VASC score 39+21 36+21 33+20 34+20

Prior procedures, %

Cardiac 73.9 7.7 68.0 67.7
Vascular 9.7 6.9 5.4 5.6
Gastrointestinal 38.9 43.7 29.9 30.1
Neurological 211 221 18.0 15.8
Medications, %
Digoxin 15.3 16.7 8.3 8.0
Clopidogrel 14.4 14.4 11.2 12.4
Antiplatelets 2.7 2.6 2.2 2.4
Angiotensin-converting enzyme inhibitors 39.7 40.6 325 32.7
Angiotensin receptor blockers 25.2 26.6 23.7 24.7
Beta-blockers 69.6 727 60.4 64.7
Calcium channel blockers 434 44.8 36.6 38.7
Anti-arrhythmias 24.4 321 18.1 19.2
Statins 57.3 57.4 50.8 53.3
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New Users
Warfarin (n=41,592) Dabigatran (n=28,089) Rivaroxaban (n=31,119) Apixaban (n=17,112)
Diabetes medications 25.2 23.8 20.9 22.2

*
Values correspond to mean + standard deviation or percentage.

fICD codes used to define these comorbidities are provided in Supplementary Table 1.
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Table 2.

Adjusted hazard ratios (95% confidence intervals) for incident venous thromboembolism comparing new users
of specific oral anticoagulants among patients with non-valvular atrial fibrillation, MarketScan databases,
2010 to September 30, 2015.

Warfarin Dabigatran Rivaroxaban Apixaban
N 27,065 27,065
# VTE events 413 (1.5%) 214 (0.79%)
Person-years 44,169 44,386
HR (95% CI)  1.00 (reference) 0.55 (0.47-0.66)
N 22,581 22,581
#VTEevents 336 (1.5%) 332 (1.5%)
Person-years 26,086 26,532
HR (95% CI)  1.00 (reference) 1.01 (0.87-1.19)
N 11,632 11,362
#VTEevents 157 (1.4%) 73 (0.63%)
Person-years 9,923 9,554

HR (95% CI)

N

# VTE events
Person-years
HR (95% CI)

N

# VTE events
Person-years
HR (95% CI)

N
# VTE events
Person-years

HR (95% CI)

1.00 (reference)

10,580
76 (0.72%)
15,234
0.48 (0.36, 0.64)

3100
20 (0.65%)
2,874

1.0 (reference)

10,580
160 (1.5%)
15,126

1.0 (reference)

16,234
175 (1.1%)
12,632

1.0 (reference)

0.51 (0.39-0.68)

3100
24.(0.77%)
3,331
1.06 (0.57-1.95)

16,234
98 (0.60%)
12,477
0.61 (0.47-0.78)

Matched 1:1 on HDPS and adjusted for age, sex, CHA2DS2-VVASc score and high-dimensional propensity score.

CI: confidence interval; HDPS: high-dimensional propensity scores; HR: hazard ratios; N: number; VTE: venous thromboembolism.
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Adjusted hazard ratios (95% confidence intervals) for incident venous thromboembolism comparing new users
of oral anticoagulants by dose of direct oral anticoagulant to warfarin, among patients with non-valvular AF,
MarketScan databases, 2010 to September 30, 2015.

Warfarin Dabigatran
Reduced dose (75 mg)  Standard dose (150 mg)
N 27,065 2,636 24,429
#VTEevents 413 (1.5%) 32 (1.2%) 182 (0.75%)
Person-years 44,169 4,270 43,115
HR (95% CI) 1.00 (ref) 0.75 (0.52-1.08) 0.53 (0.44-0.63)
Warfarin Rivar oxaban
Reduced dose (10 mg) Reduced dose (15 mg) Standard dose
(20 mg)
N 22,581 1,792 4,206 16,583
#VTEevents 336 (1.5%) 37 (2.1%) 125 (3.0%) 170 (1.0%)
Person-years 26,086 2,265 4,456 19,810
HR (95% CI) 1.00 (ref) 1.33 (0.94-1.86) 2.15 (1.74-2.66) 0.67 (0.56-0.82)
Warfarin Apixaban
Reduced dose (2.5 mg) Standard dose
(5 mg)
N 11,632 2,149 9,483
#VTEevents 157 (1.4%) 13 (0.60%) 60 (0.63%)
Person-years 9,923 1611 7943

HR (95% CI)

1.00 (reference)

0.42 (0.23-0.75)

0.54 (0.40-0.73)

Matched 1:1 on HDPS and adjusted for age, sex, CHA2DS2-VASc score and high-dimensional propensity score.

AF: atrial fibrillation; Cl: confidence interval; HDPS: high-dimensional propensity scores; HR: hazard ratios; N: number; VTE: venous

thromboembolism.

Curr Med Res Opin. Author manuscript; available in PMC 2020 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lutsey et al.

Table 4.

Page 19

Adjusted hazard ratios (95% confidence intervals) for incident venous thromboembolism comparing patients

with non-valvular AF who switched from their initially prescribed oral anticoagulant to a different oral

anticoagulant, MarketScan databases, 2010 to September 30, 2015.

Warfarin-only

Switchersto Dabigatran ~ Switchersto Rivaroxaban  Switchersto Apixaban

N

# VTE events
Person-years
HR (95% CI)

N

# VTE events
Person-years
HR (95% CI)

N
# VTE events
Person-years

HR (95% CI)

N
# VTE events
Person-years

HR (95% CI)

27,628
355 (1.3%)
42,897
1.00 (reference)

16,993
161 (0.95%)
18,571
1.00 (reference)

7,421
70 (0.94%)
5,900
1.00 (reference)

9,462
111 (1.2%)
18,056
0.80 (0.64-0.99)

Dabigatran-only
10,722
55 (0.51%)
11,904
1.00 (reference)

5773
65 (1.1%)
7,047
1.12 (0.83-1.49)

2,605
14 (0.54%)
2,242
0.50 (0.28-0.90)

3,850
31 (0.81%)
5,520
1.19 (0.75-1.87)

Matched 1:3 on HDPS and adjusted for age, sex, CHA2DS2-VASc score, and high-dimensional propensity score.

AF: atrial fibrillation; CI: confidence interval; HDPS: high-dimensional propensity scores; HR: hazard ratios; N: number; VTE: venous

thromboembolism.
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