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Arterial and venous thromboembolic events, including 
stroke and myocardial infarction, are a leading cause of 

morbidity and mortality in the United States.1 Oral anticoagu-
lants are especially critical in the prevention of thromboem-
bolic events among high-risk patients such as many of those 
with atrial fibrillation.2 Compared with their counterparts, 
patients with atrial fibrillation have a 5-fold increase in stroke3 
and oral anticoagulants reduce this risk by up to two thirds.4

Warfarin, a vitamin K antagonist, has been the mainstay of 
oral anticoagulant treatment in the United States since 1954.5 
Despite its effectiveness in reducing thromboembolic events, 
warfarin treatment has several drawbacks, including bleed-
ing risk, potential drug interactions, and routine monitoring 
requirements.6 In addition to causing substantial morbidity 
and mortality, these drawbacks have contributed to undertreat-
ment of at-risk populations and motivated the development of 
newer oral anticoagulant therapies.7,8

In October 2010, the Food and Drug Administration (FDA) 
approved dabigatran etexilate (dabigatran), a direct thombin 

inhibitor, making it the first oral anticoagulant approved since 
warfarin for the prevention of stroke in patients with nonvalvular 
atrial fibrillation.9 This indication is dabigatran’s only FDA-
approved use. In contrast to warfarin, dabigatran does not require 
routine monitoring and has fewer known drug–drug interactions,10 
and evidence suggests that it may be a cost-effective alternative 
to warfarin in specific subpopulations despite its 15-fold greater 
retail price.11,12 Dabigatran has been included in recent updates to 
atrial fibrillation practice guidelines, which recommend that it be 
considered either as an alternative treatment option to warfarin, 
or that it be used in preference over warfarin.13,14 However, as 
with any newly approved therapy, treatment with dabigatran is 
complicated by limited knowledge of its real-world safety and 
efficacy, such as its use for the prevention of thromboembolic 
events for nonapproved indications or patient populations.15

We examined national trends in oral anticoagulant use in 
the United States with a focus on the impact of dabigatran 
on clinical practice. Although the first oral direct activated 
Factor X inhibitor, rivaroxaban, was approved by the FDA in 
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Background—Little is known regarding the adoption of direct thrombin inhibitors in clinical practice. We examine trends 
in oral anticoagulation for the prevention of thromboembolism in the United States.

Methods and Results—We used the IMS Health National Disease and Therapeutic Index, a nationally representative audit 
of office-based providers, to quantify patterns of oral anticoagulant use among all subjects and stratified by clinical 
indication. We quantified oral anticoagulant expenditures using the IMS Health National Prescription Audit. Between 
2007 and 2011, warfarin treatment visits declined from ≈2.1 million (M) quarterly visits to ≈1.6M visits. Dabigatran 
use increased from 0.062M quarterly visits (2010Q4) to 0.363M visits (2011Q4), reflecting its increasing share of oral 
anticoagulant visits from 3.1% to 18.9%. In contrast to warfarin, the majority of dabigatran visits have been for atrial 
fibrillation, though this proportion decreased from 92% (2010Q4) to 63% (2011Q4), with concomitant increases in 
dabigatran’s off-label use. Among atrial fibrillation visits, warfarin use decreased from 55.8% visits (2010Q4) to 44.4% 
(2011Q4), whereas dabigatran use increased from 4.0% to 16.9%. Of atrial fibrillation visits, the fraction not treated with 
any oral anticoagulants has remained unchanged at ≈40%. Expenditures related to dabigatran increased rapidly from 
$16M in 2010Q4 to $166M in 2011Q4, exceeding expenditures on warfarin ($144M) in 2011Q4.

Conclusions—Dabigatran has been rapidly adopted into ambulatory practice in the United States, primarily for treatment 
of atrial fibrillation, but increasingly for off-label indications. We did not find evidence that it has increased overall atrial 
fibrillation treatment rates. (Circ Cardiovasc Qual Outcomes. 2012;5:615-621.)

Key Words: anticoagulants ◼ coumarins ◼ other anticoagulants

National Trends in Oral Anticoagulant Use 
in the United States, 2007 to 2011

Kate Kirley, MD; Dima M. Qato, PharmD, MPH, PhD; Rachel Kornfield MA;  
Randall S. Stafford, MD, PhD; G. Caleb Alexander, MD, MS

http://circoutcomes.ahajournals.org/lookup/suppl/doi: 10.1161/CIRCOUTCOMES.112.967299/-/DC1


616  Circ Cardiovasc Qual Outcomes  September 2012

July 2011 for prophylaxis of deep venous thrombosis16 and 
in November 2011 for the prevention of stroke in patients 
with nonvalvular atrial fibrillation,17 we limited our analysis 
to dabigatran, given its longer availability in the market. We 
used data derived from a nationally representative audit of 
office-based providers to examine overall oral anticoagulant 
utilization between 2007 and 2011, with a specific focus on 
dabigatran and warfarin. We also examined treatment patterns 
by patient age, provider specialty and common indications 
for oral anticoagulation, with a particular emphasis on atrial 
fibrillation. Finally, we quantified pharmacy expenditures for 
warfarin and dabigatran using a nationally representative audit 
of retail, mail order and long-term care pharmacies.

Methods
Data
We used data from the National Disease and Therapeutic Index 
(NDTI), an ongoing physician survey conducted by IMS Health 
(Collegeville, PA). The NDTI provides diagnostic and prescribing 
information based upon an audit of ≈4800 physicians. Participating 
physicians were randomly selected from the American Medical 
Association and American Osteopathic Association master files, 
which included both members and nonmembers and provide specialty 
certifications based on self- report as well as secondary rosters. The 
NDTI sampling process selects physicians within strata defined by 
specialty and geographic area that are designed to capture a nationally 
representative sample. Sampling weights are then applied to allow ex-
trapolation to national estimates.

Providers participating in the NDTI record information on all 
 patient encounters during 2 consecutive workdays per quarter, gener-
ating ≈350 000 annual contact records. Although a variety of patient 
encounter types are reported in the NDTI (eg, phone, nursing facil-
ity), we limited our analyses to ≈85% of records from office-based 
 encounters. For each record, physicians report all diagnosed condi-
tions and the specific medications used or mentioned to treat each 
condition. Every record of a drug therapy within the NDTI is linked 
to a 6-digit taxonomic code capturing diagnostic information similar 
to the International Classification of Diseases 9th Revision (ICD-9).  
Several investigations have compared the NDTI with a publicly avail-
able audit of office-based medical care, the National Ambulatory 
Medical Care Survey (NAMCS); these evaluations suggest consis-
tency between the NDTI and NAMCS in evaluating ambulatory pat-
terns of care.18–20

We used the IMS Health National Prescription Audit (NPA) to de-
rive data on prescription volume and expenditures. The NPA consists 
of a nationally representative sample of retail, mail order, and mass 
merchandise pharmacies that account for more than half of the retail 
pharmacies in the United States. Data reported in the NPA include 
estimates of the total number of new or refill prescriptions dispensed 
to US consumers, as well as information on estimated total direct 
expenditures on dispensed medications, calculated at the retail value. 
These data are reported as part of the pharmacies’ administrative sys-
tems used to bill consumers and health insurers for these medications.

Analyses
Our primary unit of analysis of the NDTI data was an office visit 
where an oral anticoagulant was used, heretofore referred to as a 
treatment visit. A single clinical encounter can generate multiple 
treatment visits if a therapy is used to treat more than 1 condition. 
We focused on treatment visits for warfarin and dabigatran and, in 
analyses investigating ambulatory care patterns for atrial fibrillation, 
we also examined treatment visits for oral antiplatelet agents. The 
antiplatelets included in our analyses were anagrelide, aspirin, clopi-
dogrel, dipyridamole, prasugrel, and ticlopidine, as well as fixed dose 
combinations of these therapies. We excluded injectable anticoagu-
lants from our analyses as they comprised only 3% of anticoagulants 
mentioned in office-based settings.

We explored common conditions for which oral anticoagulants 
might be prescribed, including atrial fibrillation, venous thrombo-
embolism, coronary artery disease, heart valve disorders, hyperco-
agulable states and stroke, or transient ischemic attack. Although 
dabigatran is only FDA-approved for nonvalvular atrial fibrillation, 
the NDTI does not provide the ability to discern between valvular 
and nonvalvular disease. Therefore, we defined atrial fibrillation as 
the only FDA-approved indication for dabigatran use; all other condi-
tions associated with dabigatran use were considered off-label.

We also used descriptive statistics to examine national estimates of 
treatment visits, dispensed medications, and costs from the first quarter 
of 2007 (2007Q1) through the fourth quarter of 2011 (2011Q4). We 
also conducted analyses of treatment visits after stratifying visits by pa-
tient age, physician specialty, and the specific diagnoses for which anti-
coagulation was used. In sensitivity analyses, we adjusted the treatment 
visit values for differences in the length of calendar quarters, however, 
the results were substantively unchanged and are not reported herein.

Results
Trends in Warfarin and Dabigatran Use
Between 2007Q1 and 2011Q4, warfarin treatment visits 
declined modestly from ≈2.1 million (M) quarterly treatment 
visits during 2007 to ≈1.6M visits during 2011 (Table 1, Fig-
ure 1). Dabigatran use increased from 0.062M quarterly visits 
(2010Q4) to 0.363M visits (2011Q4), reflecting an increase 
in its overall share of oral anticoagulant visits from 3.1% to 
18.9% over this period. The majority of oral anticoagulant 
treatment visits occurred with patients aged 65–84 years, but 
dabigatran use was even more focused within this age group 
than warfarin. Approximately 6.7% of dabigatran use com-
pared with 12.7% of warfarin use occurred among patients 
aged 85 years and older during 2011.

Use of Oral Anticoagulants by Clinical Indication
Between 2007Q1 and 2011Q4, the proportion of warfarin use 
devoted to atrial fibrillation remained constant around 41%, 
with the remainder associated with a variety of other clini-
cal indications including venous thromboembolism (17%) 
and hypertensive heart disease (11%) (Table 2). By contrast, 
92% of all dabigatran treatment visits in 2010Q4 were for 
atrial fibrillation, decreasing to 63% of all treatment visits by 

WHAT IS KNOWN

•	Arterial and venous thromboembolic events, includ-
ing stroke and myocardial infarction, are a leading 
cause of morbidity and mortality in the United States.

•	Novel orally available anticoagulants are increas-
ingly available as alternatives to coumarins.

WHAT THE STUDY ADDS

•	Dabigatran has been rapidly adopted into ambula-
tory practice in the United States.

•	Although the primary clinical use of dabigatran has 
been for atrial fibrillation, it is being increasingly 
used for off-label indications.

•	This study did not provide evidence that dabigatran 
utilization has increased overall atrial fibrillation 
treatment rates.
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2011Q4. The most common off-label uses of dabigatran were 
for coronary artery disease, hypertensive heart disease, and 
venous thromboembolism.

Trends in Use of Anticoagulants and Antiplatelets 
for Atrial Fibrillation
Table 3 and online-only Data Supplement Figure I depict trends 
in the treatment of atrial fibrillation with oral anticoagulants 
and antiplatelet therapies between 2007Q1 and 2011Q4. 
Before the introduction of dabigatran in 2010Q4, ≈60.5% 
of atrial fibrillation visits were treated with warfarin. This 
proportion decreased to 44.4% as of 2011Q4, whereas the 
percentage of atrial fibrillation visits treated with dabigatran 
increased from 4.0% (2010Q4) to 16.9% (2011Q4). Among 
all atrial fibrillation visits where an oral anticoagulant was 
used, the fraction treated with dabigatran increased from 6.7% 
to 27.5% over the period examined.

Antiplatelet use as monotherapy for atrial fibrillation re -
mained fairly constant from 2007 to 2011 at roughly 4.6% of 
atrial fibrillation treatment visits. The percentage of visits in 
which neither an anticoagulant nor an antiplatelet medication 
was reported was approximately 35% and unchanged since 
dabigatran’s market debut.

Dabigatran Use by Specialty
Before the availability of dabigatran, the majority of visits 
reporting oral anticoagulant use were with physicians practic-
ing in internal medicine (30%), cardiology (34%), and family 
practice (19%), with fewer visits accounted for by physicians 
affiliated with osteopathy (5%), oncology (3%), or other spe-
cialties (8%). By contrast, most dabigatran visits during the 5 
calendar quarters of available data were accounted for by cardi-
ologists (53%), with fewer visits associated with internal medi-
cine (28%), family practice (10%), or other clinical fields (9%).

Table 1. National Trends in Treatment With Warfarin and Dabigatration by Age and Overall, 2007 to 2011

2007 2008 2009 2010 2011

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Warfarin visits, %

<65 years of age 31 25 27 26 30 27 26 26 32 24 26 27 26 27 33 26 29 33 26 31

65–74 years of age 23 28 28 27 27 25 31 26 25 30 27 26 30 25 26 23 22 24 32 22

75–84 years of age 28 30 33 32 28 32 32 34 29 31 31 29 30 33 23 33 31 30 27 28

≥85 years of age 14 13 10 13 10 13 10 12 11 12 14 15 13 12 14 13 15 9 12 14

Unknown age 4 4 2 2 5 3 1 2 3 3 2 3 1 3 4 5 3 4 3 5

Total warfarin visits, N  
(thousands)

2123 2078 1760 2087 1951 2198 2002 2166 1789 2013 1848 1728 1771 1838 1873 1899 1728 1586 1638 1556

Dabigatran visits, %

<65 years of age — — — — — — — — — — — — — — — 8 16 36 23 13

65–74 years of age — — — — — — — — — — — — — — — 45 23 28 41 37

75–84 years of age — — — — — — — — — — — — — — — 25 49 30 30 37

≥85 years of age — — — — — — — — — — — — — — — 22 8 3 3 11

Unknown age — — — — — — — — — — — — — — — 0 4 3 3 2

Total dabigatran visits, N  
(thousands)

— — — — — — — — — — — — — — — 62 143 191 231 363

Dabigatran % market share — — — — — — — — — — — — — — — 3 8 11 12 19

IMS Health National Disease and Therapeutic Index, 2007 to 2011.

Figure 1. National warfarin and dabigatran 
treatment visits, 2007 to 2011.
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Prescription Sales and Costs of Warfarin and 
Dabigatran
Sales of warfarin remained roughly constant at ≈8.8M pre-
scriptions per quarter from 2007 through 2010 (online-only 
Data Supplement Figure II). There was a slight decrease in 
warfarin sales in 2011, with 8.3M prescriptions in 2011Q4 
being the lowest point in this 4-year period. Dabigatran sales 
increased from 0.073M prescriptions in 2010Q4 to 0.733M 
in 2011Q4, reflecting an increase in the share of sales of oral 
anticoagulants from 0.8% to 8.1%.

Total direct expenditures on warfarin have decreased 
slightly from ≈$169M per quarter in 2007 to $158M in 2010; 
these costs further decreased since the debut of dabigatran to 
$144M in 2011Q4 (Figure 2). Dabigatran direct expenditures 
rose from $16M in 2010Q4 to $166M in 2011Q4, exceeding 
direct expenditures on warfarin in that quarter.

Discussion
In this national audit of ambulatory-based practice, dabigatran 
has been briskly adopted into clinical practice since its October 
2010 FDA approval for the prevention of stroke among patients 
with nonvalvular atrial fibrillation. Cardiologists are respon-
sible for much of this initial uptake. In addition to accounting 
for more than 18% of all oral anticoagulant visits in the most 
recent calendar quarter, dabigatran has also been increasingly 
used for off-label indications including stroke and venous 

thromboembolism. By the fourth quarter of 2011, dabigatran 
was reported in more than 1 in 4 atrial fibrillation visits where 
an anticoagulant was used. However, we did not find evidence 
thus far that the widespread undertreatment of atrial fibrillation 
has changed since the introduction of dabigatran.

Our findings are important considering the increasing preva-
lence of thromboembolic disease in the United States, as well 
as the costs that are incurred and the complexity of its man-
agement. The new oral anticoagulants such as direct thrombin 
inhibitors and activated Factor X inhibitors have the potential to 
substantially alter its therapeutic landscape. The extent to which 
these new therapies will continue to expand their market share 
depends upon a number of factors. Dabigatran, rivaroxaban, and 
other similar agents offer greater dosing convenience and fewer 
drug–drug interactions. These benefits must be weighed against 
greater costs for payers, providers, and patients,21,22 as well as 
uncertainties regarding their comparative safety and effective-
ness, which have yet to be rigorously established beyond the 
clinical trials used to gain their market approval. The FDA and 
European Medications Agency (EMEA) recently communi-
cated ongoing evaluations of postmarketing reports of serious 
bleeding events in patients taking dabigatran.23 Additionally, a 
recent meta-analysis reported a small but statistically significant 
increased risk of acute coronary syndrome in patients receiving 
dabigatran compared with warfarin. However, this same study 
showed a significant decrease in overall mortality for patients 

Table 2. Leading Indications for Treatment With Warfarin and Dabigatran, 2007 to 2011

2007 2008 2009 2010 2011

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Warfarin visits, %

Atrial fibrillation 39 39 42 35 39 42 40 41 42 41 42 46 42 42 42 42 42 42 38 39

Venous thromboembolism 19 16 14 18 18 14 16 15 17 16 19 12 15 18 20 15 21 20 22 18

Hypertensive heart disease 9 13 12 12 10 9 11 12 12 13 8 12 10 11 11 7 10 12 9 9

Coronary artery disease 7 6 6 9 6 5 4 6 5 6 4 2 5 4 5 6 3 3 3 7

Post cardiac surgery 5 5 3 4 4 4 3 4 3 4 4 5 5 3 3 6 2 5 3 3

Stroke or transient  
ischemic attack

4 2 3 4 2 4 3 3 2 3 3 3 3 4 3 2 4 3 2 3

Valvular disorders 2 3 2 2 4 3 4 2 2 3 3 2 3 1 1 2 2 3 2 2

Other 15 16 18 16 17 19 19 17 17 16 17 17 17 17 15 20 16 12 21 19

Total warfarin visits, N  
(thousands)

2123 2078 1760 2087 1951 2198 2002 2166 1789 2013 1848 1728 1771 1838 1873 1899 1728 1586 1638 1556

Dabigatran visits, %

Atrial fibrillation — — — — — — — — — — — — — — — 92 72 75 71 63

Venous thromboembolism — — — — — — — — — — — — — — — 0 4 8 3 5

Hypertensive heart disease — — — — — — — — — — — — — — — 8 13 5 15 14

Coronary artery disease — — — — — — — — — — — — — — — 0 3 9 3 6

Postcardiac surgery — — — — — — — — — — — — — — — 0 0 0 0 0

Stroke or transient  
ischemic attack

— — — — — — — — — — — — — — — 0 0 0 3 3

Valvular disorders — — — — — — — — — — — — — — — 0 0 0 3 0

Other — — — — — — — — — — — — — — — 0 8 3 2 9

Total dabigatran visits, N  
(thousands)

— — — — — — — — — — — — — — — 62 143 191 231 363

IMS Health National Disease and Therapeutic Index, 2007 to 2011.
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receiving dabigatran.24 Given the narrow therapeutic window 
of warfarin and potential catastrophic adverse events associated 
with any anticoagulant use, rapid generation of evidence from 
postmarketing surveillance and comparative effectiveness stud-
ies are urgently needed.25

Atrial fibrillation is a particularly important area for these 
new therapies. Despite increases in the use of anticoagula-
tion between 1990 and 2002,20 rates of undertreatment with 
antithrombotic therapies remain high. Treatment rates among 
high-risk patients range from 20% to 80%,26 even though only 
≈15% of patients with atrial fibrillation have a contraindica-
tion to anticoagulation.27,28 A recent report suggests that the 
benefits of dabigatran over warfarin may increase as stroke 
risk increases using a common risk stratification method, 
the CHADS

2
 score.29 Despite the evidence for dabigatran’s 

improved efficacy in stroke prevention, and its relative ease 
of use, we did not observe a reduction in atrial fibrillation 
undertreatment since the introduction of dabigatran. Rather, 
≈1 in 3 atrial fibrillation visits were not associated with any 
reported antithrombotic therapies. Several factors contribute 
to the underuse of antithrombotic therapy in atrial fibrillation, 
including physicians’ and patients’ perception of risks and 
benefits associated with these therapies.30

Our analyses of pharmacy sales indicate rapid increases in 
dabigatran expenditures during its first year on the US mar-
ket, exceeding aggregate warfarin direct expenditures in the 
fourth quarter of 2011. Total direct expenditures on oral anti-
coagulants in 2011Q4 were nearly double compared with a 
year prior. Nevertheless, cost-effectiveness analyses, using 
estimates similar to those reported in the National Prescription 

Table 3. Trends in use of Anticoagulants and Antiplatelets Among Patients With Atrial Fibrillation, 2007–2011

2007 2008 2009 2010 2011

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Warfarin, %

Warfarin only 65 63 63 62 57 63 56 62 56 58 60 57 54 61 62 55 52 52 45 44

Warfarin with  
antiplatelet*

1 1 1 0 0 2 1 1 1 1 1 1 0 1 0 1 1 0 0 0

Dabigatran, %

Dabigatran only — — — — — — — — — — — — — — — 4 7 11 12 17

Dabigatran with  
antiplatelet

— — — — — — — — — — — — — — — 0 1 0 0 0

No anticoagulant, % 35 37 36 38 43 35 43 37 43 41 39 42 46 39 39 40 39 36 43 39

Antiplatelet 4 5 5 4 4 4 6 4 4 6 2 7 4 5 5 5 6 4 9 5

No antiplatelet 31 31 31 34 39 32 37 34 40 36 37 36 42 33 34 35 33 32 34 34

Total A Fib visits,  
N (thousands)

1270 1260 1150 1157 1316 1415 1404 1401 1320 1412 1267 1382 1362 1259 1290 1417 1371 1271 1379 1362

Warfarin visits,  
N (thousands)

829 800 734 723 752 918 801 880 751 829 778 796 736 774 794 791 728 666 626 605

Dabigatran visits,  
N (thousands)

— — — — — — — — — — — — — — — 57 103 142 164 230

Dabigatran %  
market share

— — — — — — — — — — — — — — — 7 12 18 21 28

IMS Health National Disease and Therapeutic Index, 2007 to 2011.
*Antiplatelets included anagrelide, aspirin, clopidogrel, dipyridamole, prasugrel and ticlopidine, as well as  fixed-dose combinations of these therapies.

Figure 2. Quarterly prescription expen-
ditures for warfarin and dabigatran (retail 
value), 2007 to 2011.
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Audit, still indicate that dabigatran may be cost-effective rela-
tive to warfarin. The complete cost-effectiveness comparison 
considers direct medication costs as well as costs related to 
laboratory monitoring and medication-related adverse events, 
as well as savings due to the lower incidence of stroke in 
dabigatran users. Dabigtran appears particularly cost-effective 
among patients at high risk for stroke and among patients 
whose anticoagulation is difficult to maintain in the thera-
peutic range with warfarin.11,12 If new warfarin monitoring 
methods, such as less frequent laboratory assessments,31 are 
shown to be safe and effective, this cost-effectiveness compar-
ison may shift, especially given recent evidence of significant 
improvement in the proportion of time spent in therapeutic 
anticoagulation among warfarin users and subsequent decline 
in the incidence of stroke.32

We also found increases in dabigatran’s use for off-label 
indications during its short time on the market. Although stroke 
prevention in nonvalvular atrial fibrillation is the only FDA-
approved indication for dabigatran, both treatment of acute 
venous thromboembolism and venous thromboembolism 
prevention in patients undergoing knee and hip replacements 
are supported with clinical trial data.33,34 The FDA-approved 
indications for other oral anticoagulants, such as the approval 
of rivaroxaban for venous thromboembolism prevention in 
arthroplasty,16 may also influence how dabigatran is used.

Despite considerable growth in dabigatran use, the fraction 
of use occurring among the oldest old individuals ≥85 years 
of age, decreased from more than 1 in 5 uses during 2010Q4 
to fewer than 3% of uses in 2011Q3, though increasing again 
during 2011Q4. Dabigatran’s labeling urges caution in patients 
older than 75 years of age, recommending assessment of renal 
function before initiation.35 Whether dabigatran truly presents 
a higher risk to the elderly is not yet clear. The RE-LY trial 
reported a lower risk of major bleeding for dabigatran com-
pared with warfarin among individuals <75 years of age, but 
a nonstatistically significant trend toward an increased risk of 
major bleeding among those ≥75 years of age.36 From a clinic 
perspective, however, dabigatran use in the most elderly may 
be attractive if it can be demonstrated to reduce the likelihood 
of under- and over-anticoagulation relative to warfarin.

Our study has several limitations. First, our primary data 
are based on an audit of office-based providers. Although the 
clinical information available is provided directly by clinicians 
and therefore may have more validity than information gath-
ered through health claims or other administrative sources, we 
nevertheless have limited clinical details on important patient 
and clinical characteristics that may guide treatment deci-
sions. For example, our data do not provide information on 
patient preferences, treatment failures, therapeutic switching, 
nor clinical information such as renal function or the nature 
of an individuals’ atrial fibrillation, all of which may reason-
ably impact clinical decision making. Second, the NDTI does 
not capture visits to anticoagulation clinics, and treatment 
patterns in nonambulatory settings may also be quite dis-
tinct from those examined herein. Third, our analyses were 
necessarily limited to the temporal period examined and it is 
likely that continued changes in the use of these therapies will 
occur. Fourth, physician participants in the NDTI may differ 
from nonparticipants, and because our data is derived from a 

visit-based sample, it overrepresents individuals with higher 
baseline levels of health care utilization. Despite this, several 
studies suggest substantively similar estimates of medication 
use when comparing the NDTI with the National Ambulatory 
Medical Care Survey.18–20 Finally, our study is a descriptive 
study of health care utilization, rather than one focused on out-
standing questions of the comparative safety or effectiveness 
of these therapies. In addition, our study was not designed for 
causal inference regarding the changes in anticoagulant utili-
zation observed.

Conclusions
New oral anticoagulants reflect the opportunities and risks 
that are inherent with any new therapeutic class. However, in 
contrast to some therapeutic areas, the potential public health 
impact of these medicines may be larger, given the burden 
of thromboembolic disease in the United States. Despite the 
important role of warfarin in reducing morbidity and mortal-
ity associated with atrial fibrillation and other conditions, its 
safety and effectiveness is closely tied to the level of antico-
agulation,6 which is often difficult to maintain within a thera-
peutic window and requires ongoing monitoring. Our findings 
suggest that dabigatran has been rapidly adopted into ambu-
latory practice in the United States, primarily for treatment 
of atrial fibrillation but increasingly for off-label indications, 
and thus far without evidence of an effect on the widespread 
undertreatment of atrial fibrillation. Despite its limited use, 
the aggregate direct cost of dabigatran now exceeds that of 
warfarin. Significant shifts in oral anticoagulant use are likely 
as additional therapies become available and evidence accrues 
regarding their comparative safety and effectiveness relative 
to conventional therapies.

Acknowledgments
The authors gratefully acknowledge Lydia Turner, MHS, for 
research assistance. The statements, findings, conclusions, 
views, and opinions contained and expressed in this article are 
based in part on data obtained under license from the follow-
ing IMS Health Incorporated information service(s): National 
Disease and Therapeutic Index (2007–2011); National Pre-
scription Audit (2007–2011), IMS Health Incorporated. 
All Rights Reserved. The statements, findings, conclusions, 
views, and opinions contained and expressed herein are not 
necessarily those of IMS Health Incorporated or any of its 
affiliated or subsidiary entities.

Sources of Funding
Dr Alexander is supported by the Agency for Healthcare Research 
and Quality (RO1 HS0189960). Dr Stafford is supported by an NIH 
Mid-Career Mentoring Award (K24 HL086703). The sources of 
funding had no role in the design and conduct of the study, analysis, 
or interpretation of the data, and preparation or final approval of the 
manuscript prior to publication.

Disclosures
Dr Alexander and Ms. Kornfield are consultants for IMS Health and 
Dr Stafford is a nonpaid member of a steering committee for IMS 
Health. There are no other disclosures to report.



Kirley et al  Trends in Oral Anticoagulant Use  621

References
 1. Heron M. Deaths: leading causes for 2004. Natl Vital Stat Rep. 

2011;59:1–95.
 2. Fuster V, Rydén LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, 

Halperin JL, Le Heuzey JY, Kay GN, Lowe JE, Olsson SB, Prystowsky 
EN, Tamargo JL, Wann S, Smith SC, Jr., Jacobs AK, Adams CD, Ander-
son JL, Antman EM, Halperin JL, Hunt SA, Nishimura R, Ornato JP, Page 
RL, Riegel B, Priori SG, Blanc JJ, Budaj A, Camm AJ, Dean V, Deckers 
JW, Despres C, Dickstein K, Lekakis J, McGregor K, Metra M,Morais  
J, Osterspey A, Tamargo JL, Zamorano JL. ACC/AHA/ESC 2006 guide-
lines for the management of patients with atrial fibrillation – executive 
summary: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines and the European 
Society of Cardiology Committee for Practice Guidelines (Writing Com-
mittee to Revise the 2001 Guidelines for Management of Patients with 
Atrial Fibrillation). J Am Coll Cardiol. 2006;48:854–906.

 3. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk 
factor for stroke: the Framingham Study. Stroke. 1991;22:983–988.

 4. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy 
to prevent stroke in patients who have nonvalvular atrial fibrillation. Ann 
Intern Med. 2007;146:857–867.

 5. Mueller RL, Scheidt S. History of drugs for thrombotic disease. Discovery, 
development, and directions for the future. Circulation. 1994;89:432–449.

 6. Ansell J, Hirsh J, Poller L, Bussey H, Jacobson A, Hylek E. The phar-
macology and management of the vitamin K antagonists: the Seventh 
ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest. 
2004;126(3 Suppl):204S–233S.

 7. Zimetbaum PJ, Thosani A, Yu HT, Xiong Y, Lin J, Kothawala P, Emons M. 
Are atrial fibrillation patients receiving warfarin in accordance with stroke 
risk? Am J Med. 2010;123:446–453.

 8. Brophy MT, Snyder KE, Gaehde S, Ives C, Gagnon D, Fiore LD. An-
ticoagulant use for atrial fibrillation in the elderly. J Am Geriatr Soc. 
2004;52:1151–1156.

 9. Hughes B. First oral warfarin alternative approved in the US. Nat Rev 
Drug Discov. 2010;9:903–906.

 10. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, 
Pogue J, Reilly PA, Themeles E, Varrone J, Wang S, Alings M, Xavier D, 
Zhu J, Diaz R, Lewis BS, Darius H, Diener HC, Joyner CD, Wallentin L; 
RE-LY Steering Committee and Investigators. Dabigatran versus warfarin 
in patients with atrial fibrillation. N Engl J Med. 2009;361:1139–1151.

 11. Freeman JV, Zhu RP, Owens DK, Garber AM, Hutton DW, Go AS, Wang 
PJ, Turakhia MP. Cost-effectiveness of dabigatran compared with warfarin 
for stroke prevention in atrial fibrillation. Ann Intern Med. 2011;154:1–11.

 12. Shah SV, Gage BF. Cost-effectiveness of dabigatran for stroke prophylaxis 
in atrial fibrillation. Circulation. 2011;123:2562–2570.

 13. Wann LS, Curtis AB, Ellenbogen KA, Estes NA 3rd, Ezekowitz MD, Jack-
man WM, January CT, Lowe JE, Page RL, Slotwiner DJ, Stevenson WG, 
Tracy CM. 2011 ACCF/AHA/HRS focused update on the management 
of patients with atrial fibrillation (update on dabigatran): a report of the 
American College of Cardiology Foundation/American Heart Association 
Task Force on practice guidelines. J Am Coll Cardiol. 2011;57:1330–1337.

 14. You JJ, Singer DE, Howard PA, Lane DA, Eckman MH, Fang MC, Hylek 
EM, Schulman S, Go AS, Hughes M, Spencer FA, Manning WJ, Halperin 
JL, Lip GY; American College of Chest Physicians. Antithrombotic thera-
py for atrial fibrillation: Antithrombotic Therapy and Prevention of Throm-
bosis, 9th ed: American College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):e531S–e575S.

 15. Alexander GC, O’Connor AB, Stafford RS. Enhancing prescription drug 
innovation and adoption. Ann Intern Med. 2011;154:833–7, W.

16. FDA New Release – FDA approves Xarelto to reduce risk of blood clots 
after hip, knee replacements. Posted 7/5/11. Available at: http://www.fda.
gov/NewsEvents/Newsroom/PressAnnouncements/ucm261839.htm. Ac-
cessed December 15, 2011.

17. FDA New Release – FDA approves Xarelto to prevent stroke in people 
with common type of abnormal heart rhythm. Posted 11/4/11. Available 
at: http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm278646.htm. Accessed December 15, 2011.

18. Zell ER, McCaig LF, Kupronis BA, Besser RE, Schuchat A. A comparison 
of the national disease and therapeutic index and the national ambulatory 
medical care survey to evaluate antibiotic usage. Proceedings of the sec-
tion on survey research methods, American Statistical Association. Alex-
andria, VA: American Statistical Association. 2000; 840–845.

 19. Higashi A, Zhu S, Stafford RS, Alexander GC. National trends 
in ambulatory asthma treatment, 1997-2009. J Gen Intern Med. 
2011;26:1465–1470.

 20. Stafford RS, Radley DC. The underutilization of cardiac medications of 
proven benefit, 1990 to 2002. J Am Coll Cardiol. 2003;41:56–61.

 21. Alexander GC, Tseng CW. Six strategies to identify and assist pa-
tients burdened by out-of-pocket prescription costs. Cleve Clin J Med. 
2004;71:433–437.

 22. Pham HH, Alexander GC, O’Malley AS. Physician consideration of pa-
tients’ out-of-pocket costs in making common clinical decisions. Arch 
Intern Med. 2007;167:663–668.

 23. FDA MedWatch – Pradaxa (dabigatran etexilate mesylate): Drug Safe-
ty Communication – Safety Review of Post-Market Reports of Seri-
ous Bleeding Events. Posted 12/7/11. Available at: http://www.fda.gov/ 
Safety/. Accessed December 12, 2011.

 24. Uchino K, Hernandez AV. Dabigatran association with higher risk of acute 
coronary events: meta-analysis of noninferiority randomized controlled 
trials. Arch Intern Med. 2012;172:397–402.

 25. Alexander GC, Stafford RS. Does comparative effectiveness have a com-
parative edge? JAMA. 2009;301:2488–2490.

 26. Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GY. Underuse of 
oral anticoagulants in atrial fibrillation: a systematic review. Am J Med. 
2010;123:638–645.e4.

 27. Go AS, Hylek EM, Borowsky LH, Phillips KA, Selby JV, Singer DE. War-
farin use among ambulatory patients with nonvalvular atrial fibrillation: 
the anticoagulation and risk factors in atrial fibrillation (ATRIA) study. 
Ann Intern Med. 1999;131:927–934.

 28. Bravata DM, Rosenbeck K, Kancir S, Brass LM. The use of warfarin in 
veterans with atrial fibrillation. BMC Cardiovasc Disord. 2004;4:18.

 29. Oldgren J, Alings M, Darius H, Diener HC, Eikelboom J, Ezekowitz 
MD, Kamensky G, Reilly PA, Yang S, Yusuf S, Wallentin L, Connolly 
SJ; RE-LY Investigators. Risks for stroke, bleeding, and death in patients 
with atrial fibrillation receiving dabigatran or warfarin in relation to the 
CHADS2 score: a subgroup analysis of the RE-LY trial. Ann Intern Med. 
2011;155:660–7, W204.

 30. Gross CP, Vogel EW, Dhond AJ, Marple CB, Edwards RA, Hauch O, De-
mers EA, Ezekowitz M. Factors influencing physicians’ reported use of 
anticoagulation therapy in nonvalvular atrial fibrillation: a cross-sectional 
survey. Clin Ther. 2003;25:1750–1764.

 31. Schulman S, Parpia S, Stewart C, Rudd-Scott L, Julian JA, Levine M. 
Warfarin dose assessment every 4 weeks versus every 12 weeks in patients 
with stable international normalized ratios: a randomized trial. Ann Intern 
Med. 2011;155:653–9, W201.

 32. Agarwal S, Hachamovitch R, Menon V. Current trial-associated outcomes 
with warfarin in prevention of stroke in patients with nonvalvular atrial 
fibrillation: a meta-analysis. Arch Intern Med. 2012;172:623–631.

 33. Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, Eriksson H, 
Baanstra D, Schnee J, Goldhaber SZ; RE-COVER Study Group. Dabiga-
tran versus warfarin in the treatment of acute venous thromboembolism.  
N Engl J Med. 2009;361:2342–2352.

 34. Friedman RJ, Dahl OE, Rosencher N, Caprini JA, Kurth AA, Francis CW, 
Clemens A, Hantel S, Schnee JM, Eriksson BI; RE-MOBILIZE, RE-MOD-
EL, RE-NOVATE Steering Committees. Dabigatran versus enoxaparin for 
prevention of venous thromboembolism after hip or knee arthroplasty: a 
pooled analysis of three trials. Thromb Res. 2010;126:175–182.

35. Pradaxa [package insert]. Ridgefield, CT: Boehringer Ingelheim Pharma-
ceuticals, Inc; 2011.

 36. Eikelboom JW, Wallentin L, Connolly SJ, Ezekowitz M, Healey JS, 
Oldgren J, Yang S, Alings M, Kaatz S, Hohnloser SH, Diener HC, 
Franzosi MG, Huber K, Reilly P, Varrone J, Yusuf S. Risk of bleed-
ing with 2 doses of dabigatran compared with warfarin in older and 
younger patients with atrial fibrillation: an analysis of the randomized 
evaluation of long-term anticoagulant therapy (RE-LY) trial. Circula-
tion. 2011;123:2363–2372.

http://www.fda.gov/Safety/
http://www.fda.gov/Safety/

