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Benefit of Warfarin Compared With Aspirin in Patients
With Heart Failure in Sinus Rhythm
A Subgroup Analysis of WARCEF, a Randomized Controlled Trial

Shunichi Homma, MD*; John L.P. Thompson, PhD*; Alexandra R. Sanford, MS;
Douglas L. Mann, MD; Ralph L. Sacco, MD, MS; Bruce Levin, PhD;
Patrick M. Pullicino, MD; Ronald S. Freudenberger, MD; John R. Teerlink, MD;
Susan Graham, MD; J.P. Mohr, MD; Barry M. Massie, MD; Arthur J. Labovitz, MD;
Marco R. Di Tullio, MD; André P. Gabriel, MD; Gregory Y.H. Lip, MD;
Conrado J. Estol, MD, PhD; Dirk J. Lok, MD; Piotr Ponikowski, MD, PhD;
Stefan D. Anker, MD, PhD; for the WARCEF Investigators

Background—The Warfarin versus Aspirin in Reduced Cardiac Ejection Fraction (WARCEF) trial found no difference in
the primary outcome between warfarin and aspirin in 2305 patients with reduced left ventricular ejection fraction in sinus
rhythm. However, it is unknown whether any subgroups benefit from warfarin or aspirin.

Methods and Results—We used a Cox model stepwise selection procedure to identify subgroups that may benefit from
warfarin or aspirin on the WARCEEF primary outcome. A secondary analysis added major hemorrhage to the outcome.
The primary efficacy outcome was time to the first to occur of ischemic stroke, intracerebral hemorrhage, or death. Only
age group was a significant treatment effect modifier (P for interaction, 0.003). Younger patients benefited from warfarin
over aspirin on the primary outcome (4.81 versus 6.76 events per 100 patient-years: hazard ratio, 0.63; 95% confidence
interval, 0.48-0.84; P=0.001). In older patients, therapies did not differ (9.91 versus 9.01 events per 100 patient-years:
hazard ratio, 1.09; 95% confidence interval, 0.88—1.35; P=0.44). With major hemorrhage added, in younger patients
the event rate remained lower for warfarin than aspirin (5.41 versus 7.25 per 100 patient-years: hazard ratio, 0.68; 95%
confidence interval, 0.52-0.89; P=0.005), but in older patients it became significantly higher for warfarin (11.80 versus
9.35 per 100 patient-years: hazard ratio, 1.25; 95% confidence interval, 1.02—1.53; P=0.03).

Conclusions—In patients <60 years, warfarin improved outcomes over aspirin with or without inclusion of major hemorrhage.
In patients 260 years, there was no treatment difference, but the aspirin group had significantly better outcomes when
major hemorrhage was included.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00041938.

(Circ Heart Fail. 2013;6:988-997.)
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hronic heart failure (HF) is a major cause of mortality embolism.!? It is also associated with both sudden death
and morbidity. HF is associated with a hypercoagula- and death resulting from progressive HF that may be caused
ble state, left ventricular thrombus formation, and cerebral by unrecognized atherothrombotic events.® This provides a
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rationale for the use of oral anticoagulants to treat patients
with chronic HE.
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The Warfarin versus Aspirin in Reduced Cardiac Ejection
Fraction (WARCEF) trial found no significant difference
between warfarin and aspirin among patients with HF for the
primary end point of first to occur of ischemic stroke, intrace-
rebral hemorrhage (ICH), or death, although there was a large
reduction in ischemic stroke in the warfarin group.* Patients with
HF are diverse in terms of demographics, etiology of HF, symp-
tomatology, and many other factors.** Patients in various groups
may respond differently to warfarin or aspirin, and there is a great
interest in this issue.”® As such, we sought to explore whether
there are readily identifiable subgroups for whom warfarin or
aspirin is preferable, without compromise from increased risk of
major bleeding. We chose to consider multiple baseline clinical
factors, both individually and in combination because many of
them are closely interrelated and cannot be considered in isola-
tion. To our knowledge, this is the first study able to assess this
issue with a large and comprehensive database.

Methods

Patients

In the randomized, double-blind WARCEEF trial, patients with left
ventricular ejection fraction <35% in sinus rhythm were randomly as-
signed to warfarin (target International Normalized Ratio [INR] 2.75,
with acceptable target range of 2.0-3.5) or aspirin (325 mg/d). Patients
were enrolled at 168 centers in 11 countries between October 2002 and
January 2010. The study was approved by institutional review boards
at the coordinating centers of all sites, and all subjects gave informed
consent. The median follow-up time was 3.4 years (Q1, 2.0; Q3, 5.0).
Left ventricular ejection fraction was assessed by quantitative echo-
cardiography (or a wall-motion index of <1.2) or radionuclide con-
trast ventriculography within 3 months before randomization. Patients
who had a clear indication for warfarin or aspirin were not eligible.
Additional eligibility criteria were a modified Rankin score of <4 (on
a scale of 0-6, with higher scores indicating more severe disability)
and planned treatment with a $-blocker, an angiotensin-converting en-
zyme inhibitor (or, if the side-effect profile with angiotensin-convert-
ing enzyme inhibitors was unacceptable, with an angiotensin-receptor
blocker), or hydralazine and nitrates. Patients were ineligible if they
had a condition that conferred a high risk of cardiac embolism, such
as atrial fibrillation, a mechanical cardiac valve, endocarditis, or an
intracardiac mobile or pedunculated thrombus.

Randomization and Outcome Events

Patients were randomly assigned (1:1) to warfarin or aspirin by a 24-
hour central computerized system. Randomization was stratified ac-
cording to whether or not patients had an ischemic stroke or transient
ischemic attack within 12 months before randomization, New York
Heart Association classification (I versus II, III, or IV), and clinical
site. Participants, investigators, and the sponsor were masked to in-
dividual participant treatment assignments. The Statistical Analysis
Center fabricated clinically plausible INR results for patients in the
aspirin group and provided these results to the sites, along with the
actual INR results for the patients in the warfarin group. All patients
were treated as if they were receiving active warfarin.

The primary efficacy outcome was time to the first to occur of
ischemic stroke, ICH, or death. Ischemic stroke was defined as a
clinically relevant new lesion detected by computer tomography
or MRI or, in the absence of new lesion, clinical findings consis-
tent with the occurrence of clinical stroke that lasted for >24 hours.
A total of 622 events occurred: 302 in warfarin and 320 in aspirin
arm. The primary safety outcome was major hemorrhage, defined as
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intracerebral, epidural, subdural, subarachnoid, spinal intramedul-
lary, retinal hemorrhage, or any other bleeding with >2 g hemoglobin
decline in 48 hours, requiring >2 units of transfusion or requiring
hospitalization or surgical intervention. Minor hemorrhage included
all other hemorrhages. An independent end point adjudication com-
mittee unaware of the treatment assignments adjudicated all efficacy
outcomes and major hemorrhages.

Statistical Analysis

Subgroup Candidates

We purposefully included both prespecified and other variables known
to affect HF patient outcome.”' Prespecified criteria were sex, race
ethnicity, left ventricular ejection fraction, New York Heart Association
class, and etiology of HF. Other variables were age, body mass index,
education, country, diabetes mellitus, hypertension, smoking, alcohol
use, 6-minute walk distance, prior stroke or transient ischemic attack,
systolic blood pressure, diastolic blood pressure, atrial fibrillation,
myocardial infarction, defibrillator or pacemaker use, coronary ar-
tery disease, peripheral vascular disease, statin use, prerandomization
use of warfarin, prerandomization use of aspirin or other antiplate-
lets, mini-mental status examination, blood urea nitrogen, estimated
glomerular filtration rate, white blood cell count, serum sodium, he-
matocrit, and hemoglobin. We used a 2-stage approach, with no ad-
justments for multiple testing because the analyses were exploratory.

In stage 1, we created 32 individual stratified Cox models, each as-
sessing the impact of 1 candidate variable on the treatment effect for
the WARCEF primary outcome, without taking account of the impact
of the other candidates. Each of these models included terms for treat-
ment (warfarin or aspirin), 1 candidate variable, and the interaction of
that candidate variable with treatment. The candidate variable was con-
sidered to be an effect modifier if its interaction with treatment was
significant at level 0=0.05 2-sided. In this stage we dichotomized age
at <60 versus 260 years because 60 was the closest age to the sample
mean and median for age in 5-year increments. Body mass index was
scored low (<25 kg/m?), medium (25-30 kg/m?), or high (>30 kg/m?)."!
Ejection fraction was scored low (£20%), medium (>20% and <30%),
or high (230%). Other continuous variables were dichotomized at the
median. Countries with low event rates were combined.

Stage 2 used a stepwise selection procedure to develop a multivari-
able Cox model identifying the subgroups likely to benefit from 1 of
the 2 treatments, when accounting for the impact of all other selected
variables. All candidate variables were eligible for selection. In this
stage, age and body mass index were retained as categorical variables
but other continuous variables were not dichotomized. An interac-
tion term was included in the final model only if its P values and
the corresponding main effect term both met the 0.05 selection crite-
rion or if the combination of the main effect and the interaction term
was jointly significant at that level using a type 3 test. Treatment was
forced into the final model. All statistical analyses were performed
with SAS (version 9.2).

Results
In the stage 1 models, which considered each candidate vari-
able separately, only age and country interacted significantly
with treatment (P=0.001 and 0.02, respectively; Table 1).
Among younger patients (<60 years), the rate of the primary
end point was 4.81 events per 100 patient-years in the warfa-
rin group and significantly higher in the aspirin group at 6.76
events per 100 patient-years (unadjusted hazard ratio [HR],
0.65; 95% confidence interval [CI], 0.49-0.86; P=0.002).
Among older patients (=60 years), the primary end point rates
did not differ by treatment (9.91 events per 100 patient-years
in the warfarin group compared with 9.01 events per 100
patient-years in the aspirin group; unadjusted HR for warfarin
versus aspirin 1.16; 95% CI, 0.94-1.43; P=0.16). In Poland
there was a statistically significant benefit for warfarin. The
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Table 1. Hazard Ratios for the Primary End Point for Individual Cox Models*
Warfarin Aspirin Hazard Ratio (95% Cl) for PValue
Events/Patients Ratet Events/Patients Ratet Warfarin vs Aspirin For HRf For Interaction§
Age group, y
<60 93/508 4.81 130/522 6.76 0.65 (0.49-0.86) 0.002 0.001
>60 209/634 9.91 190/641 9.01 1.16 (0.94-1.43) 0.16
Country
Poland 34/129 7.70 50/134 12.38 0.61(0.40-0.95) 0.03
Ukraine 20/57 9.68 28/58 13.75 0.78 (0.43-1.43) 0.43
United States 115/463 6.06 130/440 7.55 0.79 (0.61-1.02) 0.07 0.02
Argentina and other European 68/308 7.75 67/348 6.57 1.18 (0.84-1.67) 0.34
Hungary 30/75 13.06 22/77 9.34 1.29 (0.73-2.28) 0.38
Canada 35/110 8.90 23/106 5.12 1.69 (0.98-2.90) 0.06
Sex
Men 240/906 7.55 281/939 8.71 0.88 (0.73-1.05) 0.16 0.07
Women 62/236 717 39/224 4.83 1.34 (0.88-2.03) 0.17
Smoking
Current 46/213 5.96 63/195 9.30 0.62 (0.41-0.92) 0.02
Former 173/585 8.29 178/604 8.50 0.98 (0.78-1.22) 0.84 0.08
Never 83/344 6.99 79/364 6.26 1.10 (0.80-1.53) 0.55
NYHA class
NYHA 3 or 4 116/368 9.12 131/347 11.72 0.78 (0.60-1.01) 0.06 0.11
NYHA 1 or 2 186/774 6.71 189/816 6.48 1.03 (0.83-1.26) 0.82
Prior stroke or TIA 45/155 8.39 56/139 12.56 0.72 (0.47-1.11) 0.14 0.21
No prior stroke or TIA 257/987 7.33 264/1024 7.36 0.98 (0.82-1.17) 0.79
Statin
No 21137 6.80 29/147 9.42 0.77 (0.42-1.39) 0.39
Unknown 92/315 6.79 112/312 8.58 0.78 (0.59-1.04) 0.09 0.22
Yes 189/690 7.94 179/704 7.40 1.06 (0.85-1.31) 0.61
Hemoglobin
Low 180/613 8.31 184/586 9.25 0.84 (0.67-1.04) 0.11 0.23
High 122/529 6.50 136/577 6.65 1.03 (0.80-1.33) 0.81
6-minute walk, m
High 97/499 5.49 126/550 6.60 0.81(0.61-1.06) 0.12 0.24
Low 205/643 9.00 194/613 9.14 0.99 (0.81-1.22) 0.94
Diabetes mellitus
No 177/771 6.37 201/812 7.06 0.86 (0.70-1.06) 0.16 0.25
Yes 125/371 9.86 119/351 10.05 1.06 (0.81-1.39) 0.67
Aspirin or other antiplatelet,
prior use
Unknown 88/304 6.77 99/288 8.34 0.75 (0.55-1.02) 0.06
No 38/221 7.67 36/233 6.97 1.01 (0.63-1.62) 0.96 0.25
Yes 176/617 7.83 185/642 7.94 1.03 (0.83-1.27) 0.82
BUN
Low 126/555 6.03 151/598 6.95 0.83 (0.65-1.07) 0.15 0.26
High 176/587 9.00 169/565 9.08 1.01(0.81-1.26) 0.93
BMI category
>30 89/415 5.75 106/428 6.95 0.82 (0.61-1.10) 0.18
<25 91/294 9.08 92/265 10.52 0.84 (0.61-1.14) 0.26 0.27
25-30 122/433 8.17 122/470 7.47 1.10 (0.84-1.44) 0.47

(Continued)
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Table 1. Continued
Warfarin Aspirin Hazard Ratio (95% Cl) for PValue
Events/Patients Ratet Events/Patients Ratet Warfarin vs Aspirin For HRf For Interaction§

Warfarin, prior use
Yes 26/90 7.72 27/89 8.62 0.69 (0.38-1.23) 0.21 0.29
No 276/1052 7.44 293/1074 7.88 0.96 (0.81-1.13) 0.60

Device
No 236/870 7.61 268/911 8.35 0.89 (0.75-1.07) 0.23 0.32
Yes 66/272 7.00 52/252 6.33 1.11 (0.76, 1.63) 0.59

eGFR
High 115/549 5.71 141/591 6.62 0.83 (0.65-1.08) 0.17 0.36
Low 187/593 9.22 179/572 9.41 0.98 (0.79-1.22) 0.84

WBC
High 144/590 6.76 166/596 8.28 0.87 (0.69-1.10) 0.23 0.40
Low 158/552 8.25 154/567 7.59 1.00 (0.79-1.27) 0.98

Myocardial infarction
No 144/593 6.73 155/600 7.30 0.87 (0.69-1.11) 0.26 0.43
Yes 158/549 8.30 165/563 8.64 1.00 (0.79-1.26) 0.998

Education
College grad 32/163 4.96 52/193 6.99 0.72 (0.45-1.14) 0.16
High School grad 134/487 7.36 130/460 8.04 0.92 (0.71-1.19) 0.52 0.45
Less than High School 136/492 8.62 138/510 8.25 1.01(0.79-1.29) 0.96

Alcohol use
Current 63/279 6.23 67/293 6.73 0.80 (0.56-1.15) 0.23
Former 73/250 7.85 87/256 9.31 0.87 (0.62-1.22) 0.42 0.49
Never 166/613 7.89 166/614 7.89 1.02 (0.82-1.28) 0.85

Sodium
High 160/611 7.30 167/608 7.82 0.89 (0.71-1.12) 0.32 0.55
Low 142/531 7.66 153/555 8.06 0.99 (0.78-1.25) 0.92

Mini-mental status examination
Low 121/397 8.91 127/415 8.93 0.88 (0.67-1.14) 0.33 0.58
High 181/745 6.74 193/748 7.40 0.97 (0.78-1.19) 0.75

Coronary artery disease
No 109/491 5.96 112/480 6.39 0.88 (0.67-1.18) 0.41 0.62
Yes 193/651 8.71 208/683 9.13 0.97 (0.79-1.20) 0.80

Atrial fibrillation
Yes 14/44 8.91 13/42 9.93 0.78 (0.33-1.80) 0.55 0.67
No 288/1098 7.41 307/1121 7.87 0.94 (0.79-1.11) 0.45

Diastolic blood pressure
High 133/577 6.38 142/587 6.92 0.89 (0.70-1.14) 0.38 0.67
Low 169/565 8.62 178/576 8.98 0.96 (0.77-1.20) 0.74

PVD
No 158/560 7.87 171/575 8.54 0.92 (0.76-1.09) 0.33 0.68
Yes 144/582 7.07 149/588 7.34 1.01 (0.67-1.52) 0.97

Ischemic cardiomyopathy
No 147/654 6.01 155/660 6.39 0.91 (0.72-1.15) 0.43 0.70
Yes 155/488 9.68 165/503 10.28 0.97 (0.77-1.23) 0.82

Race/ethnicity
Hispanic 17/85 6.62 18/81 8.42 0.67 (0.33-1.33) 0.25
Black 48/166 7.37 47/166 7.63 0.92 (0.59-1.41) 0.69 0.79

(Continued)
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Table 1. Continued

Warfarin Aspirin PValue

Hazard Ratio (95% Cl) for

Events/Patients Ratet Events/Patients Ratet Warfarin vs Aspirin For HRf For Interaction§

White 229/859 7.56 245/879 7.98 0.96 (0.80-1.16) 0.67
Other 8/32 7.51 10/37 7.44 0.98 (0.37-2.61) 0.97

Hypertension
Unknown 12/38 7.75 13/35 9.52 0.82 (0.34-1.95) 0.65
Yes 167/671 715 190/696 8.06 0.90 (0.72-1.12) 0.33 0.83
No 123/433 7.91 117/432 7.60 0.99 (0.76-1.29) 0.93

Hematocrit
High 128/552 6.6 143/577 7.07 0.87 (0.52-1.47) 0.61 0.83
Low 174/590 8.27 177/586 8.80 0.91(0.73-1.13) 0.38

Systolic blood pressure
Low 158/560 7.87 171/575 8.54 0.92 (0.73-1.16) 0.48 0.88
High 144/582 7.07 149/588 7.34 0.94 (0.74-1.20) 0.64

Ejection fraction
Middle 83/283 8.04 76/269 8.00 0.90 (0.71-1.15) 0.41
High 59/261 6.09 81/272 8.26 0.93 (0.65-1.33) 0.70 0.97
Low 100/305 9.48 89/298 8.80 0.95 (0.70-1.28) 0.72

BMI indicates body mass index; BUN, blood urea nitrogen; Cl, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; NYHA, New York Heart
Association; PVD, peripheral vascular disease; TIA, transient ischemic attack; and WBC, white blood cell.

*Each model includes terms for treatment, baseline variable, and treatmentxbaseline variable interaction. Variables are presented in increasing order of P value for
the interaction term. Within variables, subgroups are in increasing order of the HR.

TRates are per 100 patient-years.

FP value for the HR.

§P value for the test for treatmentxbaseline variable interaction in a Cox model stratified by site, prior stroke status, and NYHA classification.

rate of primary end point was 7.70 events per 100 patient-
years in the warfarin group, compared with 12.38 events per
100 patient-years in the aspirin group (unadjusted HR 0.61;
95% CI, 0.40-0.95; P=0.03). There were nonsignificant trends
toward a benefit for warfarin in the United States (P=0.07) and
for aspirin in Canada (P=0.06; Table 1).

Primary Outcome

The final stage 2 multiple regression model included terms
for treatment, sex, blood urea nitrogen, left ventricular ejec-
tion fraction, 6-minute walk, diabetes mellitus, hemoglobin,
peripheral vascular disease, diastolic blood pressure, body
mass index category, age group, and age group-by-treatment

Table 2. Adjusted Hazard Ratios for the Primary End Point and Its Components for Final Cox Regression Model

Warfarin Aspirin Adjusted Hazard Ratio (95% Palue
Events, % Rate* Events, % Rate* Cl) for Warfarin vs Aspirin For HRT For Interaction

<60y n=508 1935.0 pt-years n=522 1924.2 pt-years

Primary composite 93(18.3) 4.81 130 (24.9) 6.76 0.63 (0.48-0.84) 0.001 0.003

Ischemic stroke 12 (2.4) 0.62 26 (5.0) 1.35 0.51(0.32-0.81) 0.005 0.64%

Intracerebral hemorrhage 2(0.4) 0.10 0(0.0) 0.00 2.35(0.44-12.48) 0.32 ...§

Death 79 (15.6) 4.08 104 (19.9) 5.40 0.65 (0.48-0.89) 0.007 0.003
>60y n=634 2109.7 pt-years n=641 2108.6 pt-years

Primary composite 209 (33.0) 9.91 190 (29.6) 9.01 1.09 (0.88-1.35) 0.44 0.003

Ischemic stroke 17 (2.7) 0.81 29 (4.5) 1.38 0.51(0.32-0.81) 0.005 0.64%

Intracerebral hemorrhage 3(0.5) 0.14 2(0.3) 0.09 2.35(0.44-12.48) 0.32 ...§

Death 189 (29.8) 8.96 159 (24.8) 7.54 1.18 (0.94-1.49) 0.16 0.003

6MW indicates 6-minute walk; BMI, body mass index; BUN, blood urea nitrogen; CI, confidence interval, DBP, diastolic blood pressure; HR, hazard ratio; ICH,
intracerebral hemorrhage; NYHA, New York Heart Association; and PVD, peripheral vascular disease.

*Rates are per 100 patient-years.

tFrom Cox models stratified by site, prior stroke status, and NYHA classification. HRs for composite end point, death, and stroke are adjusted for age category, sex,
diabetes mellitus, PVD, BMI, BUN, ejection fraction, DBP, MW, and hemoglobin. HRs for ICH adjusted for age category. Treatment-by-age category interaction terms are
included as applicable.

FHazard ratios are from models without treatmentxage category interaction term for ischemic stroke, given no evidence of treatmentxage category interaction.

§Not enough events to test for interaction. HR is from the model without a treatmentxage category term.
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interaction, all of which affected the prognosis (Table I in
the online-only Data Supplement). After adjustment for other
predictors of outcome, only age group was a significant warfa-
rin or aspirin treatment effect modifier with respect to the pri-
mary composite end point (P for interaction, 0.003; Table 2).
Among younger patients, there was a statistically significant
benefit for warfarin (adjusted HR for warfarin versus aspirin
0.63; 95% CI, 0.48-0.84; P=0.001). However, among older
patients, there was no difference between warfarin and aspi-
rin (adjusted HR, 1.09; 95% CI, 0.88-1.35; P=0.44; Table 2).
Figure 1A shows the unstratified cumulative incidence curves
for the primary end point for the younger and older age
groups, respectively.

We evaluated our age cutoff (<60 years) by modeling age as
a continuous variable and by comparing warfarin and aspirin

A

— — — 260 years, warfarin
2 60 years, aspirin
< 60 years, aspirin

05+

— — — <60 years, warfarin

Cumulative Incidence of Ischemic Stroke,
ICH, or Death
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by age quintile. There was a significant interaction between
treatment and continuous age as a linear effect on the log HR
(P=0.04 when adjusting for covariates from the final selected
model; table not presented). According to this model, there was
a significant benefit for warfarin among younger patients. The
upper limit of the 95% CI crossed 1.0 at 59.4 years, and there
was no significant treatment effect among patients >60 years.
When warfarin and aspirin were compared in age quintiles, there
was a statistically significant interaction between treatment and
age quintile (P=0.04). Figure 2A presents the HRs for treatment
effect by quintile and supports 60 years as a reasonable cutoff.

Components of the Primary Outcome
The ischemic stroke rates in younger and older patients were
similar, and in both age groups those assigned to warfarin

Years

Number at risk

2 60 years
Warfarin 634 578 449 326 249 175 54
Aspirin 641 589 458 327 235 165 48
< 60 years Figure 1. Kaplan-Meier estimates in patients >60
Warfarin 508 47 403 327 276 188 61 and <60 years for the primary end point (A) and the
Aspirin 522 484 402 331 273 164 46 primary end point or major hemorrhage (B). Plots
B 064 show the Kaplan—-Meier estimated probability of an

Cumulative Incidence of Ischemic Stroke,
ICH, Major Hemorrhage, or Death

event. ICH indicates intracerebral hemorrhage.

Years

Number at risk

= 60 years
Warfarin 634 563 432 312 234
Aspirin 641 586 455 323 230

< 60 years
Warfarin 508 468 397 320 268

Aspirin 522 482 398 325 268

160
160

181
161

45
45

60
46
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Figure 2. Natural logarithm of the hazard ratio (HR) by quintile of
age for the comparison of warfarin versus aspirin on the primary
end point (A) and the primary end point or major hemorrhage (B).

achieved a substantial reduction in ischemic stroke compared
with aspirin (HR, 0.51; 95% CI, 0.32-0.81; P for HR, 0.005;
P for interaction, 0.64; Table 2). Warfarin reduced death in the
younger group (4.08 per 100 patient-years for warfarin ver-
sus 5.40 for aspirin; adjusted HR, 0.65; 95% CI, 0.48-0.89;
P=0.007), but not in the older group, whose death rate was

Table 3. 0dds Ratios for Major and Minor Hemorrhage

higher (8.96 per 100 patient-years for warfarin versus 7.54
for aspirin; adjusted HR, 1.18; 95% CI, 0.94-1.49; P=0.16).
Because few patients experienced ICH, it was not possible to
test for a differential treatment effect by age group. There was
no significant difference overall between warfarin and aspirin
with respect to ICH (adjusted HR, 2.35; 95% CI, 0.44-12.48;
P=0.32; Table 2).

Hemorrhage

In the younger age group, there was no significant difference
between warfarin and aspirin in the rate of major hemorrhages
(odds ratio, 1.30; 95% CI, 0.56-3.07; P=0.64). However, in
the older age group, significantly more major hemorrhages
occurred in those receiving warfarin (odds ratio, 2.73; 95%
CI, 1.56-4.97; P<0.001; Table 3). When the time to first to
occur of primary outcome or major hemorrhage was analyzed,
there was a statistically significant treatment-by-age group
interaction with respect to this composite outcome (P<0.001;
Table 4). Among the younger patients, those randomized to
warfarin had a lower rate of combined events compared with
aspirin patients (5.41 versus 7.25% per 100 patient-years;
adjusted HR, 0.68; 95% CI, 0.52-0.89; P=0.005), whereas
older patients in the warfarin arm experienced a significantly
higher rate of events than those in the aspirin arm (11.8 ver-
sus 9.35% per 100 patient-years; adjusted HR, 1.25; 95% CI,
1.02-1.53; P=0.03; Table 4). Figure 1B presents the unstrati-
fied cumulative incidence curves and Figure 2B the HRs by
age quintile, both by treatment, when major hemorrhage is
included in the outcome.

Patient Characteristics by Age

Because randomization was not stratified by age group, we
compared the warfarin and aspirin arms in each age group in
terms of baseline characteristics. Among the younger patients,
only education level was significantly different between the
warfarin and aspirin groups (P=0.03; Table IIA in the online-
only Data Supplement). Among the older patients, the dif-
ferences between warfarin and aspirin were significant for
6-minute walk distance (P=0.02) and nitrate use (P=0.01;
Table IIB in the online-only Data Supplement). Adjusting the
analyses of time to primary composite end point and time to
primary composite end point plus major hemorrhage for edu-
cation and nitrate use did not materially change the results.

Warfarin

Aspirin

.0dds Ratio (95% CI)f
Patients, % Events* (Ratet) Patients, % Events* (Ratet) for Warfarin vs Aspirin PValue
<60y n=508 1935.0 pt-years n=522 1924.2 pt-years
Major hemorrhage 15(3.0) 16 (0.83) 12 (2.3) 14 (0.73) 1.30 (0.56-3.07) 0.64
Minor hemorrhage 129 (25.4) 201 (10.39) 79 (15.1) 129 (6.70) 1.95 (1.41-2.71) <0.001
>60y n=634 2109.7 pt-years n=641 2108.6 pt-years
Major hemorrhage 51 (8.0) 56 (2.65) 19 (3.0 21 (1.00) 2.73 (1.56-4.97) <0.001
Minor hemorrhage 151 (23.8) 267 (12.66) 110 (17.2) 167 (7.92) 1.43 (1.07-1.92) 0.014

Cl indicates confidence interval.
*Numbers of events reflect multiple hemorrhages in some patients.
TRates are per 100 patient-years.

$0dds ratios were calculated by the exact test of 2 independent proportions, stratified by continent.


http://circheartfailure.ahajournals.org/

/102 ‘62 aunr uo 1s9nb Aq /6o'seuino feue ain| ke 1resyolo//:dny wouy papeojumod

Homma et al

WARCEF Analysis by Age Groups 995

Table 4. Adjusted Hazard Ratios for Primary End point or Major Hemorrhage and Components, According to Age Subgroup

Warfarin Aspirin Adjusted Hazard Ratio (95% Cl) PValue
Events, % Rate* Events, % Rate* for Warfarin vs Aspirin For HRt  For Interactionf
<60y n=508 1903.7 pt-years n=522 1904.1 pt-years
Primary plus hemorrhage 103 (20.3) 5.41 138 (26.4) 7.25 0.68 (0.52-0.89) 0.005 <0.001
Major hemorrhage 13 (2.6) 0.68 12 (2.3) 0.63 0.98 (0.42-2.27) 0.96 0.06
Ischemic stroke 12 (2.4) 0.63 25(4.8) 1.31 0.50 (0.31-0.81) 0.005 0.68%
Intracerebral hemorrhage 2(0.4) 0.11 0(0.0) 0.00 2.05 (0.36-11.52) 0.42 il
Death 76 (15.0) 3.99 101 (19.3) 5.30 0.66 (0.48-0.90) 0.009 0.002
>60y n=634 2026.2 pt-years n=641 2085.9 pt-years
Primary plus hemorrhage 239 (37.7) 11.8 195 (30.4) 9.35 1.25 (1.02-1.53) 0.03 <0.001
Major hemorrhage 48 (7.6) 2.37 17 (2.7) 0.82 2.67 (1.48-4.81) 0.001 0.06
Ischemic stroke 16 (2.5) 0.79 29 (4.5) 1.39 0.50 (0.31-0.81) 0.005 0.68%
Intracerebral hemorrhage 2(0.3) 0.10 2(0.3) 0.10 2.05 (0.36-11.52) 0.42 il
Death 173 (27.3) 8.54 147 (22.9) 7.05 1.22 (0.96-1.56) 0.009 0.002

6MW indicates 6-minute walk; BMI, body mass index; BUN, blood urea nitrogen; Cl, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; ICH,
intracerebral hemorrhage; NYHA, New York Heart Association; and PVD, peripheral vascular disease.

*Rates are per 100 patient-years.

tFrom Cox models stratified by site, prior stroke status, and NYHA classification. HRs for composite end point, death, stroke, and hemorrhage are adjusted for age
category, sex, diabetes mellitus, PVD, BMI, BUN, ejection fraction, DBP, MW, and hemoglobin. HRs for ICH are adjusted for age category.

FTreatment-by-age category interaction terms are included as applicable.

§Hazard ratios presented are from models without treatmentxage category interaction term for ischemic stroke, because there was no evidence of treatmentxage

category interaction.

[INot enough information to test for interaction. The HR presented is from the model without a treatmentxage category term.

The younger warfarin patients had statistically signifi-
cantly lower mean INR values than the older warfarin patients
(2.36+0.63 versus 2.51+0.56, respectively; P<0.001, with
patients weighted equally. When patients were weighted by
total INR days of follow-up, the mean INR values in the 2 age
groups were statistically different in same direction; P<0.001).
At the same time, mean percentage of time in therapeutic range
(TTR) in younger patients was significantly lower than in older
patients (52.8+28.5% versus 60.4+28.0%; P<0.001). Compared
with older patients, younger patients had a significantly longer
time spent with INR below the therapeutic range (37.4+29.8%
versus 28.4+27.6%; P<0.0001). However, the time with INR
above the therapeutic range was similar between the 2 groups
(9.7£12.5% versus 11.2+13.2%; P>0.06). The 2 age groups did
not differ in terms of the mean proportion of follow-up time
spent on interruption of study therapy (28.7% for younger ver-
sus 30.3% for older; P=0.30).

Discussion
WARCEF, with >4x the number of patient-years of follow-up
compared with the next largest trial, was the largest trial to com-
pare the efficacy of warfarin and aspirin in patients with HF in
sinus rhythm.'? It found no significant difference between them
on the composite primary end point of ischemic stroke, ICH,
or death.* However, the primary aim of WARCEF was to com-
pare warfarin and aspirin in the general HF population, and not
among different subgroups. The causes of HF are multifacto-
rial, and warfarin or aspirin may benefit some specific groups
but not others.”"* We sought to identify such groups using an
automated stepwise selection procedure to adjust for subgroup
variability in baseline characteristics and identify treatment-
by-variable interactions for multiple variables that may covary.

Country of recruitment significantly affected the efficacy
of warfarin or aspirin, but this was because of country dif-
ferences in age distribution. After adjustment for all factors
considered, age group was the only modifier of treatment
effect. Warfarin patients <60 years experienced a significant
reduction in the rate of composite primary end point, and also
in its separate components of ischemic stroke and death, with-
out an increase in major bleeding. Older patients, in contrast,
experienced no difference between warfarin and aspirin in the
composite primary end point. Warfarin did reduce their isch-
emic stroke risk, but it was also associated with a nonsignifi-
cant increase in death; and when major bleeding was added
to the composite outcome, the overall risk of a poor outcome
became significantly greater for the older warfarin patients.
The reduced benefit of warfarin in older patients compared
with younger patients is not attributable to lower INRs or a
lower TTR. In fact, the older group demonstrated significantly
higher TTR and less time spent above therapeutic INR while
having similar time duration spent in interruption of study
therapy compared with the younger group.

There are =5.7 million patients with HF in the United States
and 25% are aged <60 years.'* Of this group, <60% or
855000 are thought to have systolic rather than diastolic HE.'%"7
Among this group, since the prevalence of atrial fibrillation is
smaller in younger patients with HF, 90% or 769 500 patients
are in sinus rhythm.' In our study, in the younger population,
the absolute yearly risk reduction was 1.95% (relative risk
reduction of 28.8%), which would mean that =15 005 net events
(5617 strokes and 10157 deaths at a cost of 769 ICHs) may
possibly be avoided by the use of warfarin in younger patients.
However, in the older population, because warfarin resulted
in increased bleeding risk while not affecting the primary end
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point, unnecessary bleeding may be avoided by the use of
aspirin. We saw a longer time on interruption of study therapy
among older patients assigned to warfarin. This may have
blunted any possible benefit of warfarin and points to difficulty
of warfarin use in older patients.'”?* Although our findings may
have a large public health impact, they require confirmation in
a future trial. Also, given the possible benefit of warfarin in the
younger population, the role of new anticoagulants needs to be
established. Younger patients may benefit from the ease of use
of these agents, and older patients may have a lower bleeding
risk while maintaining the benefit for stroke reduction.?!-?

In WARCEEF, patients were double-blindly randomized, lost
to follow-up rate was low, and core echocardiography labora-
tory and centralized adjudication process were used to achieve
high data quality. However, there are important limitations.
First, candidate variables included those that were not pre-
specified, although they are well known or thought to affect
the outcome in patients with HF. Second, no correction for
the number of variables examined was made. However, under
a simple Bonferroni correction for the 32 variables consid-
ered in stage 1, the effect modification for age was significant.
Third, no placebo group was included. Therefore, the compar-
ison is strictly between those receiving warfarin and aspirin.
Finally, although we can point to potential mechanisms, we
have no clear biological explanation for our results.

Conclusions

In our exploratory analysis, patients with HF in sinus rhythm
aged <60 years benefited from warfarin compared with aspirin
on the combined outcome of ischemic stroke, ICH, or death,
whereas older patients did not. When major hemorrhages are
also considered, the warfarin benefit for the younger patients
persisted, but older patients on warfarin had more adverse out-
comes than those on aspirin. A pivotal trial to confirm the pos-
sible benefit of warfarin for younger patients is warranted given
the potentially large impact on treatment of patients with HE.
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CLINICAL PERSPECTIVE

The Warfarin versus Aspirin in Reduced Cardiac Ejection Fraction (WARCEF) Trial found no difference between warfarin
and aspirin for the primary end point of ischemic stroke, intracerebral hemorrhage, or death in patients with heart failure and
reduced systolic function. There was a benefit for warfarin over aspirin for ischemic stroke alone, but it was offset by a higher
rate of major hemorrhages in the warfarin patients. This study asks whether there are easily identifiable groups of patients
who may benefit from warfarin without increased risk of bleeding. We found that, among patients <60 years, compared with
the aspirin patients, the warfarin patients had a significant reduction in the overall primary end point without a higher risk
of bleeding. The same was true when we considered ischemic stroke and death separately. In patients >60 years, however,
although the ischemic stroke rate was lower for the warfarin patients, the risk of bleeding was significantly higher than
among the aspirin patients. In summary, this post hoc analysis found that, compared with aspirin, warfarin may be beneficial
for younger patients with heart failure in sinus rhythm, but not for older patients.
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M. Frankel, and P. Jackson; Cardiac Care and Vascular Medicine, PLLC (20): M. Nanna, J. Yasen, S.
Sparr, and W. Almeida; Long Island Jewish Medical Center (20): R. Libman, B. Stephens, and C.
DeMers; Gulf Regional Research, LLC (20): T. Giles, L. Roffidal, and D. Barratt; Veterans Affairs
Medical Center (19): M. Liston, C. Lindsey, and L. Giron; Virginia Commonwealth University (18): W.
Felton III, L. Joseph, and M. Lee; University of Rochester Medical Center (16): J. Bisognano, C.



Benesch, and L. Caufield; Santa Clara Medical Center (16): E. Nishime, M. Moussavian, and E. Polland;
Black Hills Health Care System (16): L. Fischer, K. Peterson, and B. McGinnis; Lahey Clinic (15): M.
Tilem, G. Allam, and J. Beebe; University of North Carolina at Chapel Hill (14): P. Chang, S. Sen, and C.
Schuler; L.J. Chabert Medical Center (14): L. Arcement, M. Charlet, and E. Falgout; Sewickley Valley
Medical Group, Cardiology (14): M. Malkowski, T. Dugan, and J. Hobbs-Williams; West Los Angeles
VA Medical Center (14): A. Warner, K. Panizzon, and J. Johnson; Albert Einstein Medical Center (13): J.
Dissin, D. Karia, and N. Molakala; Melbourne Internal Medicine Associates (11): B. Dandapani, R.
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Nabhan; Winthrop University Hospital (5): E. Wirkowski, and B. George; Central Arkansas VA Medical
Center (5):E. Smith, and S. Locke; Connecticut Heart and Vascular Center, PC (5): C. Landau, and
D.Ferguson; University of Texas Medical School - Houston (5): H.V. Anderson, and L. Westbrook;
Cincinnati VA Medical Center (5): M. Apelian, and S. Khoury; Berkshire Medical Center (5): J. Leppo,
and T. Bator; Richmond VA Medical Center (4): W. Felton III, and M. Lee; University of Louisville (4):
M. Stoddard, and R. Longaker; Oklahoma City VA Medical Center (4): U. Thadani, and J. Turner;
Southern Arizona VA Health Care System (4): S. Goldman, and S. Daugherty; Methodist Heart, Lung
and Vascular Institute (4): A. Adler, and T. Rennie; Tri-State Medical Group Cardiology (4): M.
Malkowski, and D. Chupka; George Washington University (4): R. Katz, and L. Witkin; Rochester
General Hospital (3): W. S. Burgin, and C. Weber; Penn State Milton S. Hershey Medical Center (3): J.
Boehmer, and P. Frey; Kaleida Health Millard Fillmore Hospital (3): M. Wilson, and H. Tworek;
Northport VA Medical Center (3): G. Mallis, and D. Mauceri; Holy Cross Medical Group (3): R.
Schneider, and W. Schneider; Jackson Memorial Hospital (3): G. Ortiz, and M. Lichtenberger; Northeast
Georgia Heart Center (3): B. Hott, and D. Patrick; Rush University Medical Center (2): S. Dunlap, and
S.J. Kim; Fallon Clinic, Inc. (2): S. Pezzella, and D. Aubin; Temple University Hospital (2): L.
Nikolaidis, and J. Wong; North Shore University Hospital (1): D. Leifer, and M. Rossi; Methodist
Hospital - Physician Association (1): G. Torre, and J. Arredondo; Mayo Clinic Scottsdale (1): J. Lynch,
and A. Metcalf; Watson Clinic Center for Research, Inc. (1): J. Gonzalez, and B. Donley; Hospital of the
University of Pennsylvania (1): T. Cappola, and K. Craig; Houston VA Medical Center (1): B. Bozkurt,
and M. Bolos; Blackstone Cardiology Associates (1): T. Noonan, and C. Alteri; Poland, Wroclaw
Military Hospital (68): P. Ponikowski, L. Kowalczyk, A. Cwynar, D. Drazek, and J. Biegus;
Specjalistyczny Szpital im dr A. Sokoloskiego (41): R. Szelemej, M. Jurczok, R. Serafin, and A. Jurczyk;
Samodzielny Szpital Wojewodzki (33): M. Ogorek, D. Kopcik, B. Metzkier-Wyrwa, and A. Szczepanska;
The Medical University of Warsaw (22): M. Dluzniewski, M. Modzelewski, W. Wicha, and M. Kuch; SP
70Z Szpital Wojewodzki (22): K. Kuc, R. Piotrowski, and O. Lesniak; Spzoz Szpital Miejski Nr 2 (15):
M. Krauze-Wielicka, J. Herman, and S. Nowakowska; Miedzyleski Szpital Specjalistyczny (15): T.
Pasierski, B. Kozlowski, and K. Wolkowska; NZOZ Poradnia Kardiologiczna Centrum-Serce (11): A.
Juszczak, J. Michalska, and I. Jedlinski; SCBK Pro Cordis (8): P. Miekus, and M. Konarzewski; SP ZOZ
Klodzko (8): P. Berkowski, and N. Jacek; Slaskie Centrum Chorob Serca (8): Z. Kalarus, and A.
Duszanska; Szpital Zespolony (5): J. Tarchalski, and P. Czaja; Medical University of Warsaw (5): Z.
Gaciong, and J. Gora; SP Szpital Wojewodzki im. Papieza Jana Pawla II (2): A. Kleinrok, and G. Prokop-
Lewicka; Canada, Ottawa Heart Institute (41): H. Haddad, R. Davies, L. Sitwell, and J. Donaldson;
Etobicoke Cardiac Research Centre (29): T. To, R. Yufe, and B. Donelly; Montreal General Hospital
(21): T. Huynh, R. Cote, and B. St. Jacques; Brampton Research Associates (20): D. Borts, G. Tullio, and
A .M. Sindilar; Center for Neurologic Research (19): T. Winder, E. Janzen and C. Walker; St. Michael's



Hospital (19): G. Moe, N. Bayer, and A. Konig; London Health Sciences Centre (14): M. Arnold, D.
Spence, and J. Smith; Saint John Regional Hospital (13): R. Bessoudo, P. Bailey, and A. McNulty;
Sudbury Cardiac Research (10): S. Nawaz, and C. Dewar; QE II Health Sciences Centre (10): M. Rajda,
and M. MacFarlane; Jewish General Hospital (6): J. Minuk, and C. Schanz; Vancouver Island

Health Research Center (6): A. Penn, and L. Atkins; Montreal Heart Institute (4): A. Ducharme, and H.
Brown; St. Boniface General Hospital (4): S. Zieroth, and A. Muiioz; Netherlands, Deventer Ziekenhuis
Cardiologie Research (73): D. Lok, J.B.M. ten Holter, C. Huls, P. Bruggink-Andre, and A. van Bujisen-
Nutters; Jeroen Bosch Ziekenhuis (39): M. Daniels, A. Coppes, M.van Zagten, and N. Elzebroek;
Tweesteden Ziekenhuis (22): K. Hamroui, P. L. M. de Kort, and J. Vuijsters; Elisabeth Ziekenhuis (16):
N. Holwerda, W. Hermans, and R. van der Loo; Medisch Spectrum Twente (14): E. Wajon, G. Hageman,
and G. v. Buchem-Damming; Reiner de Graaf Gasthuis (11): E. Ronner, A. Wissenburg-van Lieshout,
and H. Niekus; Groene Hart Ziekenhuis (9): M.W.J. van Hessen, and G.A.M. Verheul; Twenteborg
Ziekenhuis (2): G. Linssen, and L. te Pas; Ziekenhuis Hilversum (2): J. Plomp, and P.A.R. de Milliano;
Medisch Centrum Leeuwarden (1): R. Breedveld, and M.J. Bos; Czech Republic, Kolin Hospital,
Internal Dept. (44): M. Houra, D. Beran, and R. Lebedova; Trebic Kardiologicka Ambulance (20): J.
Carda, E. Bednarova, and J. Vosmerova; Slany Municipal Hospital (17): G. Marcinek, T. Drasnar, and O.
Najmanova; Litomysl Hospital, Internal Dept. (15): M. Dunaj, E. Pechackova, and M. Kuchar; Motol
Faculty Hospital (14): P. Jansky, J. Simon, and H. Dvorakova; Prague Cardiological Clinic (13): P.
Gregor, M. Maruskova, and L. Svoboda; Cardiology Outpatient Clinic Pilsen (13): Z. Lorenc, and P.
Kralicek; Soukroma Kardiologicka ambulance Opava (9): L. Pollak, Z. and M. Krobot; Brno Faculty
Hospital, Internal and Cardiological Dept. (6): J. Spinar, and M. Nemec; St. Ann’s Hospital Brno, (5): L.
Spinarova, and R. Kuba; Prague Faculty Hospital Na Bulovce (3): F. Padour, and 1. Padourova; Prague
Homolka Hospital (3): M. Padour, and M. Michalova; The Charles University Hospital (3): L. Golan, and
M. Hajkova; CARDIOMED s.r.0. (3): J. Povolny, and L. Krizova; Liberec District Hospital (2): D.
Horak, and P. Kucera; IKEM Cardiological Clinic (2): I. Malek, and B. Krizova; Health Centre of
Cardiology, Trutnov (1): J. Svoboda, and R. Ferkl; Hungary, Karolyi Hospital (44): L. Regos, L. Csuros,
0. Lovasz, and G. Kiss; Bacs-Kiskun County Hospital (31): S. Timar, N. Torok, and A. Hajnalne; Uzsoki
Hospital (30): B. Palossy, A. Nagy, P. Fulop, and G. Jakab; Peterfy Hospital (13): A. Ronaszeki, M. Bodi,
and M. Satori; Medical and Health Science Center, Debrecen (5): I. Edes, and 1. Varga; Dr. Bugyi Istvan
Hospital (5): A. Kovacs, and L. Berente; DRC Gyodgyszervizsgalé Kozpont Kft. (5): E. Péterfai, and R.
Pauer; Ferenc Jahn Hospital (4): K. Toth, and E. Nagy; Hetenyi Hospital (4): B. Benczur, and K Karsay;
Erzsebet County Hospital (3): T. Végh, and R. Nagy; St. Stephan Hospital (3): P. Karpati, and Z.
Davidovits; National Institute of Cardiology (2): J. Borbola, and J. Vanyi; Toldy Ferenc Hospital (2): B.
Oze and A. Bujdoso; Veszprem megyei Csolnoky Ferenc Korhaz-Rendeldintézet (1): 1. Kosa, and L.
Baliko; Germany, Medical Practice Dr. Natour (46): M. Natour, M. Morgil, E. Hartmann, and H. Morgil;
Ludwigshafen Clinic (18): R. Winkler, S. Gass, and S. Baumann; Medical Practice Dr. Jeserich (18): M.
Jeserich, J. Rodl, and M. Dzaiy; Charité Berlin (16): S. Anker, G. Turhan, and K. Wolf; Johannes
Gutenberg University (10): S. Genth-Zotz, and T. Siebert; Medical Practice Dr. Jakobs (9): C. Jakobs, and
M. Kiorwantsi; Georg August University (7): B. Pieske, and R. Wachter; Leipzig Medical Network (4):
M. Schoenauer, and S. Voigt; Schleswig-Holstein University Hospital (4): H. Schunkert, and A.
Boguschewski; Regensburg University Hospital (1): M. Resch, and R. Wensel; Gesellschaft fur
Innovative Therapie (1): V. Schumann and P. Heidrich; Ukraine, National Medical University (27): O.
Girina, Y. Prokopovych, M. Lebedynska, and I. Sorokina; City Clinical Hospital #1, Kiev (21): O.
Karpenko, N. Brodi, and S. Klochkov; M.D. Stazhesko Institute of Cardiology (17): L. Voronkov, Y.
Besaga, and O. Novikova; Kyiv Central Clinical Hospital (12): K. Amosova, O. Yaremenko, and K.
Balaban; M.D. Strazhesko Institute of Cardiology of AMS (9): V. Kovalenko, and N. Polenova;
Department Therapy of Stomatology faculty of National Medical University (9): 1. Sakharchuk, and A.
Ogorodnichuk; Kiev City Clinical Hosp of Ambulance (8): L. Rudenko, and Y. Tutov; M.D. Strazhesko
Institute of Cardiology of AMS (6): A. Parkhomenko, and S. Kozhukhov; Odessa Municipal Clinical
Hospital #9 (4): E. Yakimenko, and S. Kolomiets; Odessa State Medical University (2): V. Yurlov, and S.
Tikhonova; Argentina, Centro Neurologico de Tratamiento y Rehabilitacion (25): C. Estol, A. Elizalde,



and B. Mangariello; CIPREC (12): C. Zaidman, and F. Guerlloy; Hospital Fernandez (11): P. Gitelman,
K. Crotto, and S. Sassone; Grupo Medico Alem (11): J. Aiub, and F. Novoa; CICLO/Instituto de
Cardiologia La Plata (10): R. Lopez Santi, and P. Romia; CEDIMBA (Ramos Mejia) (8): O. Montafia,
and D. Malchik; Instituto Medico Adrogue (Centro Adrogue) (6): F. Sokn, and P. Schygiel; UAI Hospital
Universitario (5): R. Porcile, and F. Soria Tito; Instituto Cardiovascular de Buenos Aires (2): J. Thierer,
and P. Avellana; Sanatorio Itoiz, Avellaneda (2): C. Rapallo, and M. Calderon; United Kingdom, City
Hospital, Birmingham (41): R. MacFadyen, R. Haynes, and J. Partridge; Slovakia, III. Interna klinika,
FNsP Nemocnica ak. L. Dérera (11): M. Kokles, S. Mehesova, and A. Zachar; KARDIOCENTRUM
NITRA s.r.o. (11): M. Hranai, T. Varadyova, and T. G6bo; Kardiocentrum TN sro (5): J. Litvinova, and
P. Loviska.



Table S1. Selection Procedure Model Results

Parameter Standar
DF X2 p-value  HR

Estimate d error
Treatment=warfarin (among those under 60) 1 -0.456 0.143 10.187 0.001 0.634
Treatment=warfarin (among those 60 or older) 1 0.540 0.182 8.785 0.003 1.087
Gender=female 1 -0.519 0.127 16.682 <0.001 0.595
BUN (mg/dL - centered at mean) 1 0.017 0.004 15.289  <0.001 1.017
Ejection Fraction (% - centered at mean) 1 -0.024 0.006 13.896  <0.001 0.976
Six Minute Walk distance (m - centered at mean) 1 -0.001 0.000 11.715 0.001 0.999
Diabetes Mellitus 1 0.323 0.098 10.804 0.001 1.381
Hemoglobin (g/dL - centered at mean) 1 -0.103 0.033 9.484 0.002 0.902
Peripheral Vascular Disease 1 0.348 0.124 7.923 0.005 1.417
Diastolic BP (mmHg - centered at mean) 1 -0.010 0.004 5.505 0.02 0.990
BMI > 30 1 -0.200 0.110 3.324 0.07 0.818
BMI < 25 1 0.191 0.108 3.124 0.08 1.210
Age 60 years or older (among ASA patients) 1 0.137 0.131 1.092 0.30 1.146
Age 60 years or older (among WAR patients) 1 0.677 0.142 22.804  <0.001 1.968




Table S2A. Demographics and Baseline Characteristics for Patients under 60 years

old.
Warfarin Aspirin
(N=508) (N=522)
Age —yr 50 +/- 7.3 51 +/-7.2
Male sex — % 406 (80.2%) 415 (79.8%)
Race — %"
White, non-Hispanic 359 (70.9%) 367 (70.7%)

Black, non-Hispanic
Hispanic
Other
Height —cm
Weight — kg
BMIt
<25
25-30
> 30
Blood pressure — mmHg
Systolic
Diastolic
Pulse - bpm
Hypertension — %
Diabetes Mellitus — %
Atrial Fibrillation — %

Myocardial Infarction — %

Ischemic Cardiomyopathy — %

99 (19.6%)
33 (6.5%)
15 (3%)
173 +/-9.1
91 +/- 21.6
30 +/- 6.8
122 (24.3%)
151 (30.1%)

229 (45.6%)

122 +/-19.5
77 +1-11.9
75 +/-11.7
283 (58.4%)
135 (26.7%)
10 (2%)
187 (37%)

172 (34.1%)

109 (21%)
28 (5.4%)
15 (2.9%)
173 +/-9.2
91 +/-21.9
30 +/-7
113 (22%)
177 (34.5%)

223 (43.5%)

122 +/- 18.3
76 +/-11.7
74 +/-13.1
301 (58.8%)
128 (24.7%)
18 (3.5%)
207 (40%)

185 (35.8%)




Smoking Status — %
Current
Past

Never

Alcohol consumption (>2 oz./day) — %

Current
Past
Never
Education — %
Less than High School
HS Grad/ Some College
College Grad/Post Grad
NYHA Classification — %°
I
I
I
v
Ejection Fraction (%)
6-Minute Walk (m) 3
Prior Stroke or TIA - %
Modified Rankin Scale!

(all patients) — %

134 (26.5%)
225 (44.6%)

146 (28.9%)

116 (22.9%)
122 (24.1%)

268 (53%)

183 (36.2%)
256 (50.6%)

67 (13.2%)

71 (14.1%)
271 (53.8%)
158 (31.3%)
4 (0.8%)
24 +/-7.1
363 +/- 135.4

66 (13.1%)

206 (41%)
162 (32.2%)
119 (23.7%)

14 (2.8%)

2 (0.4%)

121 (23.3%)
246 (47.4%)

152 (29.3%)

132 (25.4%)
133 (25.6%)

254 (48.9%)

201 (38.9%)
223 (43.1%)

93 (18%)

65 (12.6%)
293 (56.8%)
148 (28.7%)

10 (1.9%)

24 +/- 7.4
360 +/- 149.3

56 (10.8%)

223 (43.1%)

153 (29.5%)

123 (23.7%)
18 (3.5%)

1 (0.2%)




Modified Rankin Scale'

(prior stroke/TIA) — %

0 16 (24.6%) 15 (26.8%)
1 24 (36.9%) 20 (35.7%)
2 22 (33.8%) 17 (30.4%)
3 2 (3.1%) 4 (7.1%)
4 1 (1.5%) 0 (0.0%)

Medication Use — %'

Aspirin** T 247 (54.5%) 280 (59.6%)
Other antiplatelet** 8 (4.8%) 14 (8.4%)

Warfarin or other OAC™ 38 (7.5%) 41 (7.9%)

ACE Inhibitor or ARB 499 (99.2%) 515 (99.2%)
Beta blocker 466 (92.6%) 477 (91.9%)
Aldosterone blocker** 196 (67.8%) 190 (67.4%)
Nitrate 104 (20.7%) 117 (22.5%)
Calcium channel blocker 44 (8.7%) 35 (6.7%)

Diuretic 419 (83.3%) 425 (81.9%)
Statin** 273 (80.5%) 291 (82.9%)

Device Use - %
Pacemaker 51 (10.1%) 54 (10.4%)

Defibrillator 99 (19.6%) 100 (19.3%)

Plus-minus values are means £ SD. The difference between Warfarin and Aspirin in
education was statistically significant at the alpha=0.05 level (p=0.027). Continuous
variables were compared with Student’s t-test. Binary categorical variables were
compared using Fisher’s Exact Test, and multi-category variables were compared
using standard chi-squared tests.

* Race and ethnicity were self-reported separately, and were combined for
presentation.

Body-mass index (BMI) is weight in kilograms divided by the square of height in

meters.




The NYHA Classification groups HF patients according to extent of limitation
during physical activity. Class | indicates no limitation; Class 1V indicates severe
limitation.

Six minute walk distances were available for 458/508 patients in the warfarin
group and 478/522 patients in the aspirin group.

I Scores on the modified Rankin scale ranged from 0 to 4 on a scale of 0 to 6, with
0 indicating no symptoms and 6 indicating death. A score > 4 was a protocol
exclusion.

From the screening visit case report form.

** Not asked of all patients.

™ Prior to randomization.




Table S2B. Demographics and Baseline Characteristics for patients at least 60 years

old.
Warfarin Aspirin
Characteristic
(N=634) (N=641)

Age - yr 69 +/- 6.7 69 +/- 6.3
Male sex — % 498 (78.5%) 521 (81.4%)
Race — %*

White, non-Hispanic 498 (78.5%) 509 (79.5%)

Black, non-Hispanic 67 (10.6%) 57 (8.9%)

Hispanic 52 (8.2%) 53 (8.3%)

Other 17 (2.7%) 21 (3.3%)
Height —cm 170 +/- 9.3 171 +/- 9.1
Weight - kg 82 +/- 16.8 83 +/- 16.2
BMI' 28 +/- 4.9 28 +/- 4.9

<25 172 (27.2%) 152 (23.9%)

25-30 275 (43.4%) 279 (43.9%)

>30 186 (29.4%) 205 (32.2%)
Blood pressure — mmHg

Systolic 125 +/- 19 126 +/- 18.2

Diastolic 72 +/-10.9 73 +/-10.7
Pulse - bpm 70 +/- 10.7 70 +/-11.6
Hypertension — % 388 (62.7%) 395 (64.1%)
Diabetes Mellitus — % 236 (37.3%) 223 (35%)
Atrial Fibrillation — % 34 (5.4%) 24 (3.8%)
Myocardial Infarction — % 362 (57.3%) 356 (55.8%)
Ischemic Cardiomyopathy — % 316 (49.9%) 318 (49.8%)




Smoking Status — %
Current
Past
Never
Alcohol consumption (>2 oz./day) — %
Current
Past
Never
Education — %
Less than High School
HS Grad/ Some College
College Grad/Post Grad
NYHA Classification — %°
I
I
I
v
Ejection Fraction (%)
6-Minute Walk (m)®
Prior Stroke or TIA - %
Modified Rankin Scale!

(all patients) — %

79 (12.5%)
356 (56.2%)

198 (31.3%)

163 (25.7%)
128 (20.2%)

343 (54.1%)

307 (48.4%)
231 (36.4%)

96 (15.1%)

79 (12.5%)
350 (55.3%)
193 (30.5%)

11 (1.7%)

25+/-7.8
332 +/- 154.9

89 (14.1%)

257 (40.8%)

191 (30.3%)

143 (22.7%)
32 (5.1%)

7 (1.1%)

74 (11.6%)
353 (55.2%)

212 (33.2%)

161 (25.2%)
123 (19.2%)

355 (55.6%)

301 (47.2%)
237 (37.1%)

100 (15.7%)

100 (15.7%)
353 (55.4%)
181 (28.4%)
3 (0.5%)
26 +/- 7.6
353 +/- 155.1

83 (13%)

266 (41.6%)

206 (32.2%)

143 (22.4%)
22 (3.4%)

2 (0.3%)




Modified Rankin Scale'

(prior stroke/TIA) — %

3

4

Medication Use — %'

Aspirin** T

Other antiplatelet**
Warfarin or other OAC'
ACE Inhibitor or ARB
Beta blocker
Aldosterone blocker**
Nitrate

Calcium channel blocker
Diuretic

Statin**

Device Use — %

Pacemaker

Defibrillator

24 (27%)
26 (29.2%)
26 (29.2%)
10 (11.2%)

3 (3.4%)

364 (61.3%)
24 (9.2%)
52 (8.2%)

619 (97.8%)

560 (88.5%)

210 (55.7%)

180 (28.4%)
56 (8.9%)

506 (79.9%)

417 (85.5%)

90 (14.2%)

113 (17.9%)

23 (27.7%)

23 (27.7%)

31 (37.3%)
5 (6%)

1 (1.2%)

352 (58.6%)
26 (8.8%)
48 (7.5%)

624 (97.8%)

559 (87.5%)

217 (54.7%)

142 (22.2%)
68 (10.7%)
505 (79%)

413 (82.6%)

90 (14.1%)

106 (16.6%)

Plus-minus values are means + SD. Continuous variables were compared with

Student’s t-test. Binary categorical variables were compared using Fisher’s Exact

Test, and multi-category variables were compared using standard chi-squared tests.

The differences between warfarin and aspirin were significant at the alpha=0.05 level

for six minute walk distance (p=0.020) and nitrate use (p=0.012).

*

+

Race and ethnicity were self-reported separately, and were combined for

presentation.

Body-mass index (BMI) is weight in kilograms divided by the square of height in

meters.




**

Tt

The NYHA Classification groups HF patients according to extent of limitation
during physical activity. Class | indicates no limitation; Class IV indicates severe
limitation.

Six minute walk distances were available for 573/634 patients in the warfarin
arm and 593/641 patients in the aspirin arm.

Scores on the modified Rankin scale ranged from 0 to 4 on a scale of 0 to 6, with
0 indicating no symptoms and 6 indicating death. A score > 4 was a protocol
exclusion.

From the screening visit case report form.

Not asked of all patients.

Prior to randomization.
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