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IMPORTANCE It is not clear how often patients receive aspirin (acetylsalicylic acid) while
receiving oral anticoagulation with warfarin sodium without a clear therapeutic indication
for aspirin, such as a mechanical heart valve replacement, recent percutaneous coronary
intervention, or acute coronary syndrome. The clinical outcomes of such patients treated
with warfarin and aspirin therapy compared with warfarin monotherapy are not well defined
to date.

OBJECTIVE To evaluate the frequency and outcomes of adding aspirin to warfarin for patients
without a clear therapeutic indication for combination therapy.

DESIGN, SETTING, AND PARTICIPANTS A registry-based cohort study of adults enrolled at 6
anticoagulation clinics in Michigan (January 1, 2010, to December 31, 2017) who were
receiving warfarin therapy for atrial fibrillation or venous thromboembolism without
documentation of a recent myocardial infarction or history of valve replacement.

EXPOSURE Aspirin use without therapeutic indication.

MAIN OUTCOMES AND MEASURES Rates of any bleeding, major bleeding events, emergency
department visits, hospitalizations, and thrombotic events at 1, 2, and 3 years.

RESULTS Of the study cohort of 6539 patients (3326 men [50.9%]; mean [SD] age, 66.1 [15.5]
years), 2453 patients (37.5%) without a clear therapeutic indication for aspirin were receiving
combination warfarin and aspirin therapy. Data from 2 propensity score–matched cohorts of
1844 patients were analyzed (warfarin and aspirin vs warfarin only). At 1 year, patients
receiving combination warfarin and aspirin compared with those receiving warfarin only had
higher rates of overall bleeding (cumulative incidence, 26.0%; 95% CI, 23.8%-28.3% vs
20.3%; 95% CI, 18.3%-22.3%; P < .001), major bleeding (5.7%; 95% CI, 4.6%-7.1% vs 3.3%;
95% CI, 2.4%-4.3%; P < .001), emergency department visits for bleeding (13.3%; 95% CI,
11.6%-15.1% vs 9.8%; 95% CI, 8.4%-11.4%; P = .001), and hospitalizations for bleeding (8.1%;
6.8%-9.6% vs 5.2%; 4.1%-6.4%; P = .001). Rates of thrombosis were similar, with a 1-year
cumulative incidence of 2.3% (95% CI, 1.6%-3.1%) for those receiving combination warfarin
and aspirin therapy compared with 2.7% (95% CI, 2.0%-3.6%) for those receiving warfarin
alone (P = .40). Similar findings persisted during 3 years of follow-up as well as in sensitivity
analyses.

CONCLUSIONS AND RELEVANCE Compared with warfarin monotherapy, receipt of
combination warfarin and aspirin therapy was associated with increased bleeding and similar
observed rates of thrombosis. Further research is needed to better stratify which patients
may benefit from aspirin while anticoagulated with warfarin for atrial fibrillation or venous
thromboembolism; clinicians should be judicious in selecting patients for combination
therapy.
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W arfarin sodium and aspirin (acetylsalicylic acid) are
widely used for the treatment or prevention of throm-
boembolic disease and atherosclerotic diseases. Pa-

tients often receive warfarin or a direct oral anticoagulant for
stroke prevention in atrial fibrillation (AF) and for the treatment
and secondary prevention of venous thromboembolic disease
(deepveinthrombosis,pulmonaryembolism,andvenousthrom-
boembolism [VTE]).1 Many patients initiating therapy with war-
farin are already receiving aspirin, or they subsequently initiate
aspirin therapy because of other comorbidities. Indications for
aspirin include primary prevention in those individuals at risk
for coronary artery disease (CAD),2,3 the prevention of colorec-
tal cancer in high-risk individuals,2 the management of stable is-
chemic heart disease,4 management of peripheral arterial
disease,5,6 and/or the secondary prevention of stroke after non-
cardioembolic stroke or transient ischemic attack.7,8 Use of com-
bined warfarin and aspirin is recommended in only a few sce-
narios.Thesescenariosincludeacutecoronarysyndromes(ACSs),
particularly with percutaneous coronary interventions9,10 and
mechanical heart valves for some patients.11-13 Aside from these
conditions, there are limited data to guide us on deciding which
patientsshouldreceivewarfarinandaspirincombinationtherapy.

The 2012 American College of Chest Physicians guidelines
for AF recommend that, for stable CAD, defined as no ACS within
the previous year, warfarin monotherapy be used instead of com-
bination therapy with aspirin.10 Likewise, the 2016 European So-
ciety of Cardiology Guidelines for AF advise against combined
platelet inhibitors and oral anticoagulant use without another
medical indication. They also recommend that antiplatelet
therapy be discontinued for patients with stable CAD with AF,
except potentially for high-risk patients.14 These recommenda-
tions are supported by a 2007 meta-analysis showing no mor-
tality benefit and a significant risk of harm associated with the
combined use of warfarin and aspirin for patients without me-
chanical heart valves.15 Subsequent observational studies and
prospective trials16,17 have reinforced these findings.

We sought to assess the frequency of combination therapy
in a community-based setting of patients anticoagulated for AF
or VTE. In addition, we sought to determine the characteristics
and outcomes of patients receiving warfarin monotherapy for AF
or VTE compared with those who were receiving combination
warfarin and aspirin therapy without a strong medical indication.
Our study was designed to overcome the following limitations of
previous reports about this important topic: (1) the patient popu-
lations were restricted only to those with AF (not including VTE);
(2) the amount of time that a patient’s international normalized
ratio (INR) was in the therapeutic range (TTR) was not standard-
ized between groups or was not available; (3) sicker patients were
more likely to be receiving aspirin therapy, which may have led
to confounding; (4) aspirin use was not routinely documented;
(5) sample size was small; and (6) follow-up duration was short.

Methods
Study Design and Participants
We retrospectively collected and analyzed data from a cohort
of patients treated with warfarin therapy followed up longi-

tudinally between January 1, 2010, and December 31, 2017.
Patients receiving direct oral anticoagulants were not in-
cluded. Adult patients, newly initiated on warfarin therapy for
AF or VTE between January 1, 2010, and December 31, 2016,
were identified in the Blue Cross Blue Shield of Michigan–
sponsored Michigan Anticoagulation Quality Improvement Ini-
tiative (MAQI2) registry, which is a collaborative of 6 outpa-
tient anticoagulation clinics throughout the state of Michigan
that includes both academic and community practices; all
forms of health insurance are included.18 For our primary analy-
sis, patients were excluded from our study if they had fewer
than 3 months of warfarin therapy, experienced a myocardial
infarction (MI) within 6 months before initiation of warfarin
therapy, and/or had a history of heart valve replacement (me-
chanical or bioprosthetic). This study was approved by the in-
stitutional review board at the University of Michigan, Ann Ar-
bor, and at Henry Ford Hospital, Beaumont Health, Huron
Valley Sinai Hospital, Spectrum Health, and Memorial Health-
care before data collection. Because of the nature of the study,
a waiver of informed consent was granted by the same insti-
tutions as a quality improvement project.

Data were abstracted from the time of patient enrollment
in the anticoagulation clinic through the earliest of either dis-
continuation of warfarin or last follow-up before June 30, 2017.
The data collection was performed by trained abstractors using
standardized data collection forms (eMethods in the Supple-
ment). Participating clinic staff routinely review all medica-
tions (including over-the-counter medicines, such as aspirin)
at the time of enrollment in the anticoagulation clinic through
2 complementary mechanisms: (1) a review of the patient’s
medical record and (2) a review directly with the patient or the
patient’s caregiver. These medications are documented in the
anticoagulation clinic encounter notes and subsequently en-
tered by the data abstractors into the MAQI2 registry.

The MAQI2 data registry is designed to require entry to key
data elements, including demographic data, INR laboratory data,
and details about any adverse event (eg, location of a bleeding
event). Through combined use of wide-ranging validation rules

Key Points
Question Among patients receiving warfarin sodium for
management of atrial fibrillation or venous thromboembolism,
how often are patients receiving aspirin (acetylsalicylic acid)
without a clear therapeutic indication, and what is the clinical
impact?

Findings In a registry-based cohort study of 3688 propensity
score–matched patients followed up prospectively at
anticoagulation clinics, without a heart valve replacement or
recent acute coronary syndrome, 37.5% received aspirin. These
patients had a statistically higher rate of bleeding, emergency
department visits, and hospitalizations for bleeding; there was no
observed difference in thrombosis rates.

Meaning Some patients receiving anticoagulation treatment with
warfarin may be receiving concomitant aspirin therapy that may
increase bleeding risk with unclear therapeutic benefit.
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duringdataentryandanautomatedprogramthatidentifiesmiss-
inginformationandpromptsforcompletionandcorrection,there
were no missing data in the variables used in the analysis.

Data Collection and Outcome Measures
For each patient, collected data at enrollment included patient
demographics, comorbidities, bleeding and thrombosis risk fac-
tors,historiesofbleedingorthrombosis,andmedications(Table).
Outcomes for bleeding included any patient-reported bleeding,
major bleeding as defined by the International Society on Throm-
bosis and Hemostasis,19 emergency department (ED) visits for
bleeding, and hospitalizations related to bleeding. Thrombotic
outcomes included ischemic strokes, transient ischemic attack,
VTE,ACS/MI,EDvisits,andhospitalizationsforthrombosis.Mor-
tality data were also collected. A HAS-BLED20 (hypertension ab-
normal renal/liver function stroke, bleeding history or predispo-
sition, labile INR, elderly, drugs/alcohol concomitantly) score,
modified to exclude aspirin use and labile INR, was calculated
for each patient at the time of enrollment. Similarly, a Charlson
Comorbidity Index21 value was also calculated. Patients were
studied from the time of enrollment to the first event in each cat-
egory or to the last follow-up if no event occurred.

Statistical Analysis
Patients receiving the combination of warfarin and aspirin
therapy and patients who were receiving warfarin mono-
therapy were propensity score matched based on demograph-
ics, anticoagulation indications, history of bleeding or throm-
bosis, medications, TTR, and comorbidities. Outcomes were
studied and compared between the 2 matched groups.

The first sensitivity analysis excluded patients who did not
maintain their original aspirin use assignments during follow-
up. In the second sensitivity analysis, we excluded patients with
CAD, peripheral arterial disease, and a history of percutaneous
coronary interventions or coronary artery bypass grafting. Our
study only collected ACS/MI event data between January 1, 2010,
and November 2015. Our third sensitivity analysis only included
patients enrolled and followed up for at least 3 months during
this nearly 5-year period (eFigure 1 in the Supplement).

The data of patients who met the inclusion criteria were
analyzed based on their aspirin use at the time of warfarin ini-
tiation (warfarin monotherapy or combination warfarin and
aspirin therapy). Demographics, anticoagulation indications,
concomitant use of other medications, duration of follow-up,
comorbidities, TTR, and history of bleeding or thrombosis were
compared between the 2 groups using χ2 tests and Fisher ex-
act tests for binary variables and unpaired, 2-tailed t tests and
Wilcoxon rank-sum tests for continuous variables.

Based on all of the above characteristics, propensity scores
were generated as a probability of receiving warfarin and aspi-
rin combined therapy through a logistic regression model. The
propensity score was used to produce matched warfarin and as-
pirin combined therapy and warfarin monotherapy groups using
a greedy matching technique22 (1:1). A standardized difference
of less than 0.1 was used to indicate a negligible difference in the
covariates between the groups.23 The complete list of propensity-
matched variables before and after matching is provided in
eFigure 2 in the Supplement. The individual HAS-BLED and

Charlson Comorbidity Index score components were used in the
logistic regression model for propensity matching.

Differences between the groups were evaluated using the
McNemar tests for binary variables and paired, 2-tailed t tests and
Wilcoxon signed rank tests for continuous variables. We then ex-
amined the differences using survival analysis between the 2
matched groups for each of several endpoints: any bleeding, ma-
jor bleeding, ED visits and hospitalizations for bleeding, and
thrombosis. To account for competing risk brought by unrelated
death, cumulative incidences were used to represent event prob-
abilitiesandcomparedwithGraytests.A2-tailedP < .05wasused
to indicate statistical significance. All analyses were performed
using SAS, version 9.4 (SAS Institute Inc).

Results
Of the study cohort of 6539 patients, 3326 (50.9%) were men
and the patients had a mean (SD) age of 66.1 (15.5) years. Dur-
ing the study period, 2453 patients (37.5%) were receiving com-
bination warfarin and aspirin therapy without a clear thera-
peutic indication for receiving aspirin compared with 4086
(62.5%) receiving warfarin monotherapy. Use of warfarin and
aspirin therapy did not change significantly during the study
period (range, 33.1% to 40.7% of patients) (eFigure 3 in the
Supplement). Low-dose aspirin (≤100 mg daily) was used by
2060 patients (84.0%) receiving combination warfarin and as-
pirin therapy. The 2 groups differed in their demographics, in-
dication for anticoagulation, comorbidities, concomitant medi-
cations, and TTR (Table). After propensity score matching,
there were no significant differences between the 2 matched
groups (Table and eFigure 2 in the Supplement).

In the propensity score–matched groups, patients treated
with combination warfarin and aspirin therapy experienced sig-
nificantly more overall bleeding events compared with those re-
ceiving warfarin monotherapy (cumulative incidence at 1 year:
26.0% [95% CI, 23.8%-28.3%] vs 20.3% [95% CI, 18.3%-22.3%];
P < .001) (eFigure 4 in the Supplement). The increased risk of
bleeding persisted for patients throughout most of the follow-
up period. The number of major bleeding events was also higher
for the combination warfarin and aspirin therapy group, with a
cumulative incidence of 5.7% (95% CI, 4.6%-7.1%) at 1 year com-
pared with 3.3% (95% CI, 2.4%-4.3%) at 1 year for patients receiv-
ing warfarin alone (P < .001) (Figure 1). At 1 year, ED visits related
to bleeding were higher for the combination warfarin and aspi-
rin group (13.3%; 95% CI, 11.6%-15.1%) compared with the war-
farin monotherapy group (9.8%; 95% CI, 8.4%-11.4%) (eFigure 5
in the Supplement). Similarly, hospital admissions related to
bleeding were higher for the combination warfarin and aspirin
group compared with the warfarin monotherapy group (8.1%;
95%CI,6.8%-9.6%vs5.2%;95%CI,4.1%-6.4%)(P = .001foreach
comparison)(Figure2).Thesefindingsalsopersistedduringmost
of the follow-up period.

While receiving combination warfarin and aspirin therapy,
2.3% of patients (95% CI, 1.6%-3.1%) had a thrombotic event at
1 year compared with 2.7% of patients (95% CI, 2.0%-3.6%)
receiving warfarin alone (P = .40) (Figure 3). At 1 year, 1.8%
(95% CI, 1.2%-2.6%) of combination warfarin and aspirin–treated
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Table. Characteristics of Patients Receiving Combination Warfarin and Aspirin Therapy vs Warfarin Monotherapy
Before and After Propensity Score Matchinga

Characteristic

Propensity Score Matching

Before Matching After Matching
Warfarin and Aspirin
(n = 2453)

Warfarin
(n = 4086) P Value

Warfarin and Aspirin
(n = 1844)

Warfarin
(n = 1844) P Value

Age, mean (SD), y 70.3 (12.7) 63.6 (16.5) <.001 69.2 (13.2) 69.6 (13.5) .33

Male sex, No. (%) 1393 (56.8) 1933 (47.3) <.001 969 (52.5) 969 (52.5) >.99

Weight <50 kg, No./total No. (%) 42/2377 (1.8) 90/3903 (2.3) .15 37/1786 (2.1) 36/1762 (2.0) >.99

Body mass index >30, No./total No. (%)b 1093/2321 (47.1) 1743/3750 (46.5) .64 828/1744 (47.5) 792/1687 (46.9) .61

Alcohol or drug use, No. (%) 113 (4.6) 190 (4.7) .94 79 (4.3) 78 (4.2) >.99

Tobacco use, No. (%)

Former 888 (36.2) 1021 (25.0) <.001 583 (31.6) 591 (32.0) .80

Current 147 (6.0) 358 (8.8) <.001 119 (6.5) 111 (6.0) .64

Indication, No. (%)

Atrial fibrillation/atrial flutter 1629 (66.4) 1727 (42.3) <.001 1132 (61.4) 1167 (63.3) .20

Deep vein thrombosis/pulmonary embolism 799 (32.6) 2321 (56.8) <.001 694 (37.6) 656 (35.6) .16

Both 25 (1.0) 38 (0.9) .72 18 (1.0) 21 (1.1) .75

Comorbidities, No. (%)

Antiphospholipid antibody syndrome 6 (0.2) 6 (0.1) .38 4 (0.2) 4 (0.2) >.99

Coronary artery disease 976 (39.8) 471 (11.5) <.001 463 (25.1) 434 (23.5) .14

Cancer 522 (21.3) 821 (20.1) .25 399 (21.6) 390 (21.1) .75

Congestive heart failure 556 (22.7) 485 (11.9) <.001 336 (18.2) 345 (18.7) .73

Chronic liver disease 48 (2.0) 70 (1.7) .47 40 (2.2) 39 (2.1) >.99

Chronic kidney disease 387 (15.8) 395 (9.7) <.001 249 (13.5) 241 (13.1) .73

Diabetes 759 (30.9) 819 (20.0) <.001 509 (27.6) 522 (28.3) .65

History of falls 79 (3.2) 116 (2.8) .38 57 (3.1) 55 (3.0) .92

Hypercoagulable state 54 (2.2) 137 (3.4) .01 45 (2.4) 49 (2.7) .75

Hypertension 1888 (77.0) 2341 (57.3) <.001 1347 (73.0) 1354 (73.4) .81

Peripheral arterial disease 221 (9.0) 89 (2.2) <.001 87 (4.7) 80 (4.3) .60

Previous PCI/CABG 474 (19.3) 174 (4.3) <.001 189 (10.2) 167 (9.1) .17

Seizure disorder 27 (1.1) 51 (1.2) .59 23 (1.2) 20 (1.1) .76

History of Bleeding or Thrombosis, No. (%)

Duration of bleeding

≤30 dc 42 (1.7) 71 (1.7) .94 35 (1.9) 33 (1.8) .90

>30 dc 46 (1.9) 81 (2.0) .76 39 (2.1) 36 (2.0) .82

Diathesis 11 (0.4) 31 (0.8) .13 11 (0.6) 11 (0.6) >.99

History of embolism, not DVT/PE 23 (0.9) 22 (0.5) .06 14 (0.8) 17 (0.9) .72

Previous event

Cerebrovascular accident
or transient ischemic attack

352 (14.3) 335 (8.2) <.001 243 (13.2) 245 (13.3) .96

DVT/PE 338 (13.8) 715 (17.5) <.001 277 (15.0) 288 (15.6) .65

Gastrointestinal bleed 116 (4.7) 150 (3.7) .04 82 (4.4) 84 (4.6) .94

Remote myocardial infarction, >6 mo 339 (13.8) 154 (3.8) <.001 154 (8.4) 144 (7.8) .55

Medications, No. (%)

Angiotensin-converting enzyme inhibitor
and/or angiotensin receptor blocker

1134 (46.2) 1198 (29.3) <.001 765 (41.5) 788 (42.7) .44

Aspirin, mg

≤100 2060 (84.0) NA NA 1549 (84.0) NA NA

>100 393 (16.0) NA NA 295 (16.0) NA NA

β-Blocker 1566 (63.8) 1631 (39.9) <.001 1054 (57.2) 1089 (59.1) .21

Calcium channel blocker 641 (26.1) 825 (20.2) <.001 469 (25.4) 477 (25.9) .79

Estrogen or progesterone 14 (0.6) 53 (1.3) .01 13 (0.7) 12 (0.7) >.99

Heparin, low-molecular-weight heparin,
or fondaparinux

447 (18.2) 1076 (26.3) <.001 373 (20.2) 354 (19.2) .46

Loop diuretic 679 (27.7) 680 (16.6) <.001 441 (23.9) 465 (25.2) .37

Nonaspirin antiplatelet 215 (8.8) 98 (2.4) <.001 87 (4.7) 87 (4.7) >.99

Nonsteroidal anti-inflammatory 107 (4.4) 155 (3.8) .26 81 (4.4) 74 (4.0) .63

Any statin 1550 (63.2) 1366 (33.4) <.001 1000 (54.2) 1005 (54.5) .87

(continued)
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patients had an ED visit related to thrombosis compared with
1.9% (95% CI, 1.3%-2.7%) of patients receiving warfarin alone
(P = .84).Thecumulativeincidenceofthrombosis-relatedadmis-

sions for patients receiving combination warfarin and aspirin
therapy was 2.1% (95% CI, 1.4%-2.9%) vs 2.1% (95% CI, 1.5%-
3.0%) for patients receiving warfarin therapy alone (P = .96).

Table. Characteristics of Patients Receiving Combination Warfarin and Aspirin Therapy vs Warfarin Monotherapy
Before and After Propensity Score Matchinga (continued)

Characteristic

Propensity Score Matching

Before Matching After Matching
Warfarin and Aspirin
(n = 2453)

Warfarin
(n = 4086) P Value

Warfarin and Aspirin
(n = 1844)

Warfarin
(n = 1844) P Value

Time in therapeutic range, mean (SD), [median], %d 62.3 (18.1) [65.1] 61.1 (19.3) [63.5] .01 62.6 (18.3) [65.3] 62.6 (18.6) [65.6] .71

Follow-up, mean (SD) [median], mo 23.2 (22.5) [13.5] 20.2 (21.0) [10.4] <.001 22.7 (22.2) [12.8] 23.2 (21.9) [14.0] .27

Modified HAS-BLED score, mean (SD) [median]e 2.4 (1.2) [2.0] 1.8 (1.2) [2.0] <.001 2.2 (1.1) [2.0] 2.2 (1.2) [2.0] .95

Charlson Comorbidity Index score, mean (SD)
[median]

4.8 (2.0) [5.0] 3.6 (2.1) [4.0] <.001 4.5 (1.9) [4.0] 4.5 (1.9) [4.0] .54

Abbreviations: CABG, coronary artery bypass graft; DVT, deep vein thrombosis;
HAS-BLED, hypertension abnormal renal/liver function stroke, bleeding history
or predisposition, labile INR, elderly, drugs/alcohol concomitantly;
INR, international normalized ratio; NA, not applicable; PCI, percutaneous
coronary intervention; PE, pulmonary embolism; TIA, transient ischemic attack.
a If not otherwise specified, denominator is noted at the top of the column.

b Calculated as weight in kilograms divided by height in meters squared.
c Indicates bleeding history as assessed at the time of warfarin therapy

initiation.
d Therapeutic range was defined as an INR between 2 and 3.
e HAS-BLED score modified to exclude aspirin use and labile INR.

Figure 1. Cumulative Incidence of Major Bleeding by Treatment
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Figure 2. Cumulative Incidence of Hospital Admissions or Bleeding by Treatment
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Mortality rates for the 2 groups were similar at 1 year as well
(4.4%; 95% CI, 3.4%-5.6% for combination warfarin and aspi-
rin therapy vs 3.7%; 95% CI, 2.8%-4.8% for warfarin mono-
therapy; P = .34). The type of thrombotic event (ischemic
stroke, transient ischemic attack, deep vein thrombosis, pul-
monary embolism, and other including left atrial thrombus,
valvular thrombus, or thromboembolism of unknown origin)
or the rate of central nervous system bleeding did not signifi-
cantly differ between the 2 groups.

Sensitivity Analysis
In sensitivity analyses, the above findings were largely un-
changed. In the first sensitivity analysis (eliminating patients
who initiated or discontinued aspirin therapy during follow-
up), all of the above findings were unchanged, except the cat-
egory of major bleeding no longer maintained statistical sig-
nificance (eTable 1 in the Supplement). In the second sensitivity
analysis (eliminating patients with any history of MI, CAD, pe-
ripheral arterial disease, percutaneous coronary interven-
tions, or coronary artery bypass grafting) and the third sensi-
tivity analysis (only including patients from 2010-2015, when
ACS/MI data were collected), there was no change in our study
findings (eTables 2 and 3 in the Supplement).

In further sensitivity analyses, we excluded patients with
a history of stroke, transient ischemic attack, heart valve re-
placement, or recent MI. The results were largely unchanged
from the primary analysis. Although the incidence of major
bleeding events was higher for patients receiving combina-
tion warfarin and aspirin therapy compared with those receiv-
ing warfarin monotherapy at 1 year (5.1% vs 3.2%, P = .04), the
incidence did not remain significantly increased for the du-
ration of the study period. The sample size was smaller for this
analysis, with 1392 patients in each group.

Discussion
In this large, registry-based cohort study of patients followed
up at anticoagulation clinics while receiving warfarin therapy

for atrial fibrillation and/or VTE without a clear therapeutic in-
dication for receiving aspirin, 37.5% of patients received aspi-
rin therapy. Treatment with combination warfarin and aspi-
rin therapy compared with warfarin monotherapy was
associated with a significant increase in bleeding, major bleed-
ing, ED visits, and hospitalizations. These results persisted for
at least 3 years of follow-up, without any observed added ben-
efit regarding thrombotic events.

The rates of combination warfarin and aspirin use did not
significantly change over time, reflecting the limited data avail-
able to guide clinical decisions for this patient population. The
publication of the 2012 American College of Chest Physicians
guidelines10 about the management of atrial fibrillation did not
seem to have any influence regarding aspirin use in this popu-
lation. The observed rate of aspirin use among patients with-
out clear therapeutic indication is consistent with what has
been reported previously.16,17,24 Often, when patients are re-
ceiving aspirin for primary prevention of CAD, the medica-
tion is not discontinued when patients initiate warfarin therapy
for newly diagnosed AF or VTE. This regimen could be, in part,
explained by the number of clinicians from the different medi-
cal specialists involved in antithrombotic medication man-
agement (primary care, general cardiology, interventional car-
diology, electrophysiology, hematology, and/or vascular
surgery). Patients with substantial vascular or thrombotic risk
factors may be intentionally maintained on combination war-
farin and aspirin therapy. Prospective studies are needed, es-
pecially for high-risk patients, to determine the optimal pa-
tient selection for and duration of combination therapy.

Potential need of patients to require multiple antithrom-
botic medications is a common clinical scenario. Registry data
in a US population suggest that, through 2011, approximately
35% of patients with AF are receiving combination therapy with
oral anticoagulation and aspirin; 39% of those patients have
no known atherosclerotic disease.24 In more recent clinical
trials, 21% to 35% of patients with AF were receiving aspirin
with oral anticoagulation.25 A recently published, retrospec-
tive medical record review of 219 patients receiving oral anti-
coagulation with aspirin, without recent ACS or revascular-

Figure 3. Cumulative Incidence of Thrombosis by Treatment
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ization, similarly found that 22.8% of patients had no apparent
therapeutic indication for combination therapy.16 Approxi-
mately 30% of this group reported CAD or diabetes for which
they were receiving aspirin therapy that was not discontin-
ued when warfarin was prescribed for AF. It is estimated that
there are more than 800 000 patients in North America re-
ceiving combination warfarin and aspirin therapy for AF17; con-
sidering the additional number of patients treated for VTE, this
is a substantial number of patients currently receiving com-
bination therapy. Our nonrandomized data suggested that the
number needed to harm26,27 may only have been 36 persons
for major bleeding and 29 persons for hospital admission
among patients receiving combination warfarin and aspirin
therapy compared with those receiving warfarin mono-
therapy. An intervention targeted at reducing aspirin use in this
population could have profound public health impact if these
estimates are confirmed in prospective studies.

Antiplatelet therapy use is dynamic for many patients. The
clinicians at the anticoagulation clinics in this study routinely as-
sessed the use of antiplatelet medications, which was a notable
strength of this study. Removing matched patients who initiated
or discontinued aspirin therapy during the study period in our
first sensitivity analysis gave very similar results (eTable 1 in the
Supplement). Major bleeding was significantly different only for
the first year but not for the duration of follow-up. Differences
in bleeding after the first year may have been affected by bleed-
ing events during the first year or by the lower power of the study
to detect a difference. Our second sensitivity analysis focused
on patients without atherosclerotic comorbidity found higher
bleeding complications with combination warfarin and aspirin
therapy compared with warfarin monotherapy.

The observed rate of any bleeding reported in our study was
high compared with other studies, resulting from the thorough-
nessofourmanualdatacollection.Anybleedinginthisstudywas
bypatientreportonly.TheWOEST(WhatIstheOptimalAntiplate-
let and Anticoagulant Therapy in Patients With Oral Anticoagu-
lation and Coronary Stenting) trial28 showed comparable bleed-
ing outcomes for oral anticoagulation with clopidogrel. The rate
of major bleeding events for unmatched patients (eTable 4 in the
Supplement)isconsistentwiththepublishedliterature.15,16,24,28-32

Our study results may advance the field, with a long dura-
tion of follow-up in a real-world setting. The detailed propensity
score match of numerous variables significantly limited poten-
tialconfounders.Furthermore,sensitivityanalysesshowingsimi-
lar results increased confidence in our results. Our results were
supported by the findings of similar studies about this topic. For
example, Steinberg et al24 found similar results in a population
of patients with AF using the Outcomes Registry for Better In-
formed Treatment of Atrial Fibrillation (ORBIT-AF) registry. That
study differed because it included dabigatran (6.9% of patients)
butexcludedpatientswithatrialflutterandVTE.Inaddition,their
resultsexcluded11%ofpatientslosttofollow-upandhadashorter
duration of follow-up (3 months). In 2008, Johnson et al33 pub-
lished a similar study through Kaiser Permanente Colorado
AnticoagulationServicewith6monthsoffollow-up.Inthatstudy
of more than 4000 patients, combination therapy was similarly
associated with increased bleeding events but not with coronary
events after adjustment for confounding factors. Our study re-

sults, a decade later, were striking because excess aspirin use
among patients treated with warfarin continued at high rates.

Strengths and Limitations
Whereas this study did not randomize aspirin use between the
2 groups, strong propensity score matching using numerous co-
variates enabled us to reduce selection biases and allowed for the
comparison of 2 well-matched groups that would mimic a ran-
domized clinical trial, as closely as a nonrandomized study de-
sign will allow. While our propensity score matching was com-
prehensive for potential confounding variables, it is always
possible that some unknown confounders were present that
could have influenced the results (eFigure 2 in the Supplement).
In addition, our analysis did not adjust for the severity of the co-
morbid conditions, and it was conceivable that a patient with,
for example, uncontrolled diabetes or hypertension, may have
benefited more from the addition of aspirin therapy than a pa-
tient with well-managed comorbid conditions.

Strengths of the study were that patients were closely
followed up while enrolled in the anticoagulation clinics, with
data collected using predefined forms that included relevant
clinical outcomes. Random medical record audits validated the
accuracy of the data. The population-based cohort may have
been more likely to reflect real-world practice compared with
patients in a clinical trial. Despite being part of a quality im-
provement collaborative, all patients received standard anti-
coagulation care, and their findings likely are generalizable to
other settings (including anticoagulation clinics and high-
quality care outside of anticoagulation clinics). By control-
ling for warfarin management through the use of the TTR vari-
able, we tried to limit variation between groups to the receiving
of aspirin alone. We caution against extrapolating these find-
ings to patients receiving direct oral anticoagulants with as-
pirin because the outcomes may be significantly different.

Potential limitations to the study included issues sur-
rounding generalizability because of the geographically lim-
ited patient population followed up at the anticoagulation
clinics. In addition, any medication changes, especially non-
prescription aspirin use, may not have been well captured.
However, given that data in this registry were abstracted from
the medical record and that nurses and pharmacists in the an-
ticoagulation clinic routinely reviewed any new or changed
medications (especially antithrombotic medications, such as
aspirin), we believe our findings are reliable and robust. This
belief is supported by the results of the sensitivity analysis, in
which patients with a known change in aspirin-use status were
excluded (eTable 1 in the Supplement).

Recent MI, an exclusion criterion for the study, was de-
fined on the MAQI2 data collection form as an event that oc-
curred fewer than 6 months before warfarin therapy initia-
tion. Therefore, a low number of included patients may have
been within a year of having a MI and had a stronger indica-
tion for concomitant aspirin use. We anticipated this circum-
stance to represent less than 5% of our study population based
on the number of patients receiving triple therapy with an-
other nonaspirin antiplatelet agent. A total of 250 patients
(3.5%) from our registry were excluded for having a recent MI
(within 6 months). Excluding any patient with an MI or CAD
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(sensitivity analysis reported in eTable 2 in the Supplement)
did not change our study findings.

The outcome of ACS/MI was assessed by evaluating which
patients had an ED visit or a hospital admission for ACS/MI
(eTable 3 in the Supplement). Given that such patients would
likely receive inpatient care, this measure seemed appropriate.
However, data for this outcome were only available for a portion
of the study period and may not have been as well captured. Ab-
straction into the registry was limited to the data collected in the
medical record at each anticoagulation clinic. Emergency depart-
ment visits at outside hospitals that were not documented by the
anticoagulation clinic would not be captured in our registry.
Therefore, the observed event rates may have underestimated
true event rates if patients received care outside of our included
facilities. Finally, there were few thrombotic events (stroke, tran-
sient ischemic attack, or VTE) during the study period, limiting
our power to detect differences for this outcome.

Conclusions

This study suggests that concurrent use of warfarin and aspi-
rin therapy in patients without a heart valve replacement or
recent ACS is associated with an increased risk of bleeding and
related hospitalization. Similar to other studies published for
more than a decade, we did not observe any clinical benefit
of aspirin being prescribed with warfarin therapy. Unfortu-
nately, the rate of combined warfarin and aspirin use has not
declined as a result of those findings, emphasizing the need
for greater awareness of this issue and efforts to discontinue
aspirin therapy in these patients, especially low-risk pa-
tients. Further research is needed to help clinicians better
stratify which patients should receive combination warfarin
and aspirin therapy instead of warfarin monotherapy for VTE
or AF.
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