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BACKGROUND: Strokes were significantly reduced by the combination 
of rivaroxaban plus aspirin in comparison with aspirin in the COMPASS 
trial (Cardiovascular Outcomes for People Using Anticoagulation 
Strategies). We present detailed analyses of stroke by type, predictors, and 
antithrombotic effects in key subgroups.

METHODS: Participants had stable coronary artery or peripheral artery 
disease and were randomly assigned to receive aspirin 100 mg once daily 
(n=9126), rivaroxaban 5 mg twice daily (n=9117), or rivaroxaban 2.5 mg 
twice daily plus aspirin (n=9152). Patients who required anticoagulation 
or had a stroke within 1 month, previous lacunar stroke, or intracerebral 
hemorrhage were excluded.

RESULTS: During a mean follow-up of 23 months, fewer patients had 
strokes in the rivaroxaban plus aspirin group than in the aspirin group 
(83 [0.9% per year] versus 142 [1.6% per year]; hazard ratio [HR], 0.58; 
95% CI, 0.44–0.76; P<0.0001). Ischemic/uncertain strokes were reduced 
by nearly half (68 [0.7% per year] versus 132 [1.4% per year]; HR, 0.51; 
95% CI, 0.38–0.68; P<0.0001) by the combination in comparison with 
aspirin. No significant difference was noted in the occurrence of stroke 
in the rivaroxaban alone group in comparison with aspirin: annualized 
rate of 0.7% (HR, 0.82; 95% CI, 0.65–1.05). The occurrence of fatal 
and disabling stroke (modified Rankin Scale, 3–6) was decreased by the 
combination (32 [0.3% per year] versus 55 [0.6% per year]; HR, 0.58; 
95% CI, 0.37–0.89; P=0.01). Independent predictors of stroke were prior 
stroke, hypertension, systolic blood pressure at baseline, age, diabetes 
mellitus, and Asian ethnicity. Prior stroke was the strongest predictor 
of incident stroke (HR, 3.63; 95% CI, 2.65–4.97; P<0.0001) and was 
associated with a 3.4% per year rate of stroke recurrence on aspirin. 
The effect of the combination in comparison with aspirin was consistent 
across subgroups with high stroke risk, including those with prior stroke.

CONCLUSIONS: Low-dose rivaroxaban plus aspirin is an important new 
antithrombotic option for primary and secondary stroke prevention in 
patients with clinical atherosclerosis. 
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Stroke is a leading cause of death and of disability-
adjusted years of life lost.1 Most strokes (77%) are 
first-ever strokes, underscoring the importance of 

effective primary prevention strategies.2 Individuals with 
atherosclerosis have an increased risk of stroke,3,4 and 
aspirin (along with blood pressure lowering and statin 
therapy) is recommended for cardiovascular preven-
tion. However, aspirin produces only a 12% reduction in 
the risk of major vascular events (myocardial infarction, 
stroke, or vascular death) when used for primary preven-
tion, and a 19% risk reduction when used for secondary 
prevention.5 A more effective antithrombotic strategy for 
the prevention of major vascular events in patients with 
atherosclerosis has been an important unmet need.

The COMPASS trial (Cardiovascular Outcomes for 
People using Anticoagulation Strategies) tested rivarox-
aban given alone or in combination with aspirin as an 
alternative to aspirin monotherapy for the prevention of 
vascular events in patients with stable coronary artery 
or peripheral artery disease.6 The study was stopped af-
ter the independent data and safety monitoring board 
found clear evidence of benefit of the combination of 
rivaroxaban and aspirin. The main results have been re-
ported and included a brief summary of the effect on 
strokes.7 Here we report detailed information on stroke, 
including disability, independent predictors of stroke, 
and the effects of the combination of low-dose rivar-
oxaban and aspirin in comparison with aspirin accord-
ing to risk status.

METHODS
Patients and Study Design
The COMPASS trial design, analysis plan, and main results 
have been previously published.6,7 Requests for data access 

will be considered by the COMPASS Publications Committee 
on an individual basis beginning 4 years after publication of 
the main results.7 COMPASS was a randomized, double-blind, 
double-dummy trial comparing rivaroxaban 2.5 mg twice 
daily plus aspirin 100 mg once daily, and rivaroxaban 5 mg 
twice daily with aspirin 100 mg once daily for the preven-
tion of cardiovascular death, myocardial infarction, or stroke 
in patients with stable coronary artery disease or peripheral 
artery disease (including asymptomatic carotid artery stenosis 
≥50% or previous carotid revascularization). In a partial fac-
torial design, participants not already taking a proton pump 
inhibitor were also randomly assigned to receive pantoprazole 
or placebo. The study was approved by an institutional review 
board at each site, and all participants gave informed consent 
before study procedures.

Eligible patients had stable coronary artery disease, periph-
eral artery disease, or both.2 Major exclusion criteria included 
high bleeding risk as defined by the investigator, severe heart 
failure, advanced kidney disease (estimated glomerular filtra-
tion rate <15 mL/min), or a requirement for dual antiplatelet 
therapy, anticoagulation (eg, atrial fibrillation), or other anti-
thrombotic therapy. Patients were excluded if there was an 
ischemic stroke within 1 month, prior hemorrhagic stroke, 
or symptomatic lacunar stroke, because these groups were 
believed to have an increased risk of intracranial hemorrhage. 
Patients with asymptomatic lacunar infarcts detected by brain 
imaging were otherwise eligible.

Participants were recruited from 602 sites from 33 
countries.6 At the first planned formal interim analysis, the 
independent data-monitoring committee recommended ter-
mination of the rivaroxaban and aspirin arms of the study for 
clear evidence of benefit.7

Randomization and Masking
Participants were randomly assigned in a 1:1:1 ratio to re-
ceive low-dose rivaroxaban plus aspirin, rivaroxaban alone, or 
aspirin alone stratified by center and use of a proton pump 
inhibitor by using a central web-based system. A computer-
generated randomization schedule was generated by the 
Population Health Research Institute. Participants, investiga-
tors, and study staff were blinded to treatment allocation, 
and each treatment group was double dummy.

Procedures
Stroke was defined as the presence of acute focal neu-
rological deficit thought to be of vascular origin with signs 
and symptoms lasting ≥24 hours or to time of death. On 
the basis of neuroimaging or autopsy, strokes were further 
classified as ischemic stroke, hemorrhagic stroke (consist-
ing of primary intracerebral/intraparenchymal brain hemor-
rhage or subarachnoid hemorrhage), or uncertain type of 
stroke (in the absence of relevant brain imaging or autopsy). 
Hemorrhagic stroke did not include hemorrhagic transfor-
mation of cerebral infarct, posttraumatic intracerebral hem-
orrhage, hemorrhage into a tumor, or hemorrhage into a 
vascular malformation. Subdural and epidural hematomas 
were not counted as strokes but as major bleeds. Transient 
ischemic attack was defined as an acute focal neurological 
deficit of vascular origin with signs and symptoms lasting 
<24 hours, irrespective of the presence of acute ischemia 

Clinical Perspective

What Is New?
• The combination of rivaroxaban 2.5 mg twice daily 

with aspirin 100 mg prevented stroke and disabling 
stroke better than aspirin in patients without atrial 
fibrillation with stable vascular disease without 
increasing the risk of hemorrhagic stroke.

• The effect was consistent across subgroups of 
baseline risk and particularly marked in those with 
a history of previous stroke.

What Are the Clinical Implications?
• Patients with coronary artery or peripheral artery 

disease and no recent events have a more effica-
cious treatment than aspirin to prevent stroke.

• This raises the hypothesis that combining anticoag-
ulant and antiplatelet therapy may be better than 
either alone for stroke prevention.
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by neuroimaging, but was not systematically collected. All 
strokes were adjudicated centrally by using a 2-tier process: 
first, by an automated algorithm that checked that key cri-
teria for stroke were met; and second, by a stroke expert, 
if the algorithm did not confirm the event. All hemorrhagic 
strokes were adjudicated by a stroke expert. Adjudicators 
were unaware of treatment assignment.

The modified Rankin Scale (mRS) was obtained on partici-
pants with stroke at 7 days or hospital discharge. Scores range 
from 0, indicating no symptoms or disability, to 6, indicating 
death, with a score of 3 indicating moderate disability.8,9 The 
Standard Assessment of Global Activities in the Elderly is a 
16-item assessment with 4-level ordinal response scale that 
measures cognitive, instrumental, and basic activities of daily 
living, and functional abilities, as well, and was collected at 
study entry, at 2 years, and at the last visit.

Statistical Analysis
Analyses were conducted according to the intention-to-
treat principle. All reported P values are 2-sided. Annualized 
event rates were calculated as number of participants with 
an outcome per total number of person-years of follow-up. 
Event rates were displayed as number of patients with an 
event per 100 patient-years of follow-up (%/y). Survival 
analyses were based on the time to a first event. Patients 
could have >1 event. Stratified Cox proportional hazards re-
gression models were used to compare the effects of anti-
thrombotic regimens on stroke incidence. Significance was 
tested using stratified log-rank tests. The strata variable was 
proton pump inhibitor use: not randomized to proton pump 
inhibitor, randomized to active pantoprazole, randomized 

to pantoprazole placebo. Relative risk reduction was calcu-
lated as 1 minus hazard ratio. Absolute risk reduction and 
the number-needed-to-treat per year were calculated as the 
difference of annualized event rates and the reciprocal of 
this difference, respectively. Baseline predictors of stroke 
were assessed using univariate and multivariable Cox pro-
portional hazards regression models. Multivariable models 
were developed as follows: first, selected baseline charac-
teristics were evaluated using univariate models; variables 
significant at P=0.20 for either all stroke, ischemic/uncertain 
stroke, or hemorrhagic stroke were included in multivari-
able model 0; next, variables significant at P=0.10 in model 
0 for either of the 3 outcomes were included in model 1, 
which was the final model. Finally, the treatment effects of 
rivaroxaban/aspirin were examined in subgroups of impor-
tant baseline variables, which were identified in multivari-
able analysis. Analyses were performed using SAS software 
for Linux, version 9.4 (SAS Institute Inc). This trial is regis-
tered with https://www.clinicaltrials.gov, Unique identifier 
NCT01776424, and is closed to new participants.

Role of the Funding Source
The study was designed by the Steering Committee, which 
included representatives from the sponsor, Bayer AG, 
who collaborated in the study design, reviewed the man-
uscript, and participated in the decision to publish. Site 
management, data collection, and analysis were done at 
the Population Health Research Institute, affiliated with 
McMaster University and Hamilton Health Sciences in 
Ontario, Canada. All authors had access to the data and 
made the final decision to publish.

Table 1. Antithrombotic Treatments and Stroke

Strokes

Rivaroxaban Plus 
Aspirin (n=9152)

Rivaroxaban Alone 
(n=9117)

Aspirin Alone 
(n=9126)

Rivaroxaban Plus Aspirin 
vs Aspirin Alone

Rivaroxaban Alone vs 
Aspirin Alone

No. of First 
Events* 

(%)

Annual 
Rate,† 
%/y

No. of First 
Events* 

(%)

Annual 
Rate,† 
%/y

No. of First 
Events* 

(%)

Annual 
Rate,† 
%/y

Hazard Ratio‡ 
(95% CI) P Value

Hazard Ratio‡ 
(95% CI) P Value

Stroke 83 (0.9) 0.5 117 (1.3) 0.7 142 (1.6) 0.8 0.58 (0.44–0.76) <0.0001 0.82 (0.65–1.05) 0.12

Ischemic stroke 64 (0.7) 0.4 83 (0.9) 0.5 125 (1.4) 0.7 0.51 (0.38–0.69) <0.0001 0.66 (0.50–0.88) 0.004

Secondary hemorrhagic 
transformation

5 (<0.1) 0.03 5 (<0.1) 0.03 14 (0.2) 0.08 0.35 (0.13–0.99) 0.04 0.36 (0.13–0.99) 0.04

Uncertain stroke 4 (<0.1) 0.02 8 (<0.1) 0.05 7 (<0.1) 0.04 0.57 (0.17–1.94) 0.36 1.14 (0.41–3.15) 0.80

Ischemic or uncertain 
stroke

68 (0.7) 0.4 91 (1.0) 0.5 132 (1.4) 0.8 0.51 (0.38–0.68) <0.0001 0.69 (0.53–0.90) 0.006

Hemorrhagic stroke 15 (0.2) 0.09 27 (0.3) 0.2 10 (0.1) 0.06 1.49 (0.67–3.31) 0.33 2.70 (1.31–5.58) 0.005

Intracerebral/
intraparenchymal/
intraventricular

13 (0.1) 0.07 23 (0.3) 0.1 6 (<0.1) 0.03 2.15 (0.82–5.66) 0.11 3.83 (1.56–9.42) 0.002

Subarachnoid 2 (<0.1) 0.01 4 (<0.1) 0.02 4 (<0.1) 0.02 0.49 (0.09–2.70) 0.41 1.00 (0.25–4.00) 0.99

Death within 30 days 
of stroke

11 (0.1) 0.06 19 (0.2) 0.1 13 (0.1) 0.07 0.84 (0.38–1.88) 0.68 1.46 (0.72–2.96) 0.29

Modified Rankin Scale (mRS) at 7 days or discharge

    0–2 51 (0.6) 0.3 67 (0.7) 0.4 90 (1.0) 0.5 0.56 (0.40–0.79) 0.001 0.75 (0.54–1.02) 0.07

    3–6 32 (0.3) 0.2 52 (0.6) 0.3 55 (0.6) 0.3 0.58 (0.37–0.89) 0.01 0.95 (0.65–1.38) 0.77

*Percent (%) is the proportion of patients with an outcome.
†Percent per year (%/y) is the rate per 100 patient-years of follow-up. All analyses were based on the time to a first event; patients could have >1 event.
‡Hazard ratios (95% CI) are from the stratified Cox proportional hazards regression models. P values are from the stratified log-rank tests.
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RESULTS
The mean age of 27 395 randomly assigned participants 
was 68.2 years (SD=7.9), 21 375 (78%) were men, 
24 824 (91%) had a history of coronary artery disease, 
7470 (27%) had peripheral vascular disease, and 1032 
(4%) had prior stroke, >1 month before randomization. 
Of the latter patients, 502 (49%) had peripheral artery 
disease and 797 (77%) had coronary artery disease. 
Carotid stenosis ≥50% or previous carotid intervention 
was present in 1919 (7%) participants. Baseline blood 
pressure averaged 136/78 mm Hg; 24 601 (90%) were 
taking a lipid-lowering drug, and 19 518 (71%) were 
taking an angiotensin-converting enzyme inhibitor or 
angiotensin-receptor blocker.

The mean follow-up was 23 months. The primary 
efficacy outcome of COMPASS, consisting of the com-
posite of cardiovascular death, myocardial infarction, 
and stroke, occurred in significantly fewer participants 
in the rivaroxaban plus aspirin group than in the aspi-
rin group (hazard ratio [HR], 0.76; 95% CI, 0.66–0.86; 
P<0.001).

There were 291 participants who had ischemic/uncer-
tain strokes (1.0% of the study population), 52 (0.2%) 
hemorrhagic strokes (42 intraparenchymal/intracerebral 
hemorrhages and 10 subarachnoid hemorrhages), but 
this distribution varied importantly between treatment 
groups (see below). Mortality within 30 days of stroke 
occurred in 43 participants and did not differ signifi-
cantly by treatment group (Table 1). Details of systemic 
hemorrhage type and fatal hemorrhage by treatment 
group has been previously reported.7

Effects of Antithrombotic Treatment 
Assignment on Stroke Incidence and 
Severity
Stroke occurred at an annualized rate of 0.8% in the as-
pirin alone group and was reduced to 0.5% in the rivar-
oxaban plus aspirin group (HR, 0.58; 95% CI, 0.44–0.76; 
P<0.0001). No significant difference was noted in the 
occurrence of stroke in the rivaroxaban alone group in 
comparison with aspirin: annualized rate of 0.7% (HR, 
0.82; 95% CI, 0.65–1.05) (Table  1). The annualized 
rate of ischemic/uncertain stroke among participants 
assigned aspirin alone was 0.8% per year; ischemic/un-
certain strokes were reduced by nearly half (HR, 0.51; 
95% CI, 0.38–0.68; P<0.0001) by rivaroxaban plus as-
pirin in comparison with aspirin alone (Table 1, Figures 1 
and 2A). The effect of rivaroxaban alone versus aspirin 
on ischemic/uncertain strokes was similarly substantial 
(HR, 0.69; 95% CI, 0.53–0.90; P=0.006). Hemorrhagic 
transformation of ischemic stroke was reduced in both 
rivaroxaban arms in comparison with aspirin monothera-
py, occurring in 5 participants assigned rivaroxaban plus 
aspirin (HR, 0.35; 95% CI, 0.13–0.99), 5 participants as-
signed rivaroxaban alone (HR, 0.36; 95% CI, 0.13–0.99), 
and 14 participants assigned aspirin alone.

Figure 1. Stroke subtypes by treatment allocation.

Figure 2. Incidence rates of stroke according to treatment group.  
A, Ischemic or uncertain stroke. B, Hemorrhagic stroke. 
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The incidence of hemorrhagic stroke was significantly 
increased by rivaroxaban alone in comparison with as-
pirin alone (27 versus 10; HR, 2.70; 95% CI, 1.31–5.58; 
P=0.005) but not by rivaroxaban plus aspirin versus as-
pirin alone (15 versus 10; HR, 1.49; 95% CI, 0.67–3.31; 
P=0.33) (Table 1). Kaplan-Meier plots did not demon-
strate a higher early risk of hemorrhagic stroke follow-
ing the initiation of rivaroxaban (Figure 2B).

The modified Rankin Scale (mRS) scores at day 7 or 
hospital discharge were similarly distributed for par-
ticipants assigned aspirin alone and those assigned 
rivaroxaban plus aspirin (Table 1, Figure 3). The annu-
alized rate of disabling or fatal stroke (mRS, 3–6) was 
0.3% on aspirin alone and was reduced to 0.2% on 
rivaroxaban plus aspirin (HR, 0.58; 95% CI, 0.37–0.89; 
P=0.01). Participants assigned to rivaroxaban alone 
and aspirin alone had a similar rate of disabling or fatal 
stroke (mRS, 3–6) of 0.3% per year.

Standard Assessment of Global Activities in the 
Elderly scores were available at randomization for 
339 participants among the 342 participants with 
stroke (99%) and at the final visit for 236 (69%). 
Mean Standard Assessment of Global Activities 
in the Elderly scores in participants experiencing a 
stroke increased between baseline and final visit in 

all 3 treatment allocations, but there was no signif-
icant difference according to antithrombotic treat-
ment (Table 2).

Baseline Predictors of Stroke and Effect 
in Subgroups
Age, systolic and diastolic blood pressure, total choles-
terol, history of hypertension, diabetes mellitus, prior 
stroke, heart failure, peripheral artery disease, lower 
estimated glomerular filtration rate, and Asian ethnicity 
were predictive of stroke on univariate analysis (Table I 
in the online-only Data Supplement). Carotid stenosis 
≥50% or previous carotid revascularization was predic-
tive of ischemic/uncertain stroke.

Independent predictors of stroke were age, sys-
tolic blood pressure at baseline, history of hyper-
tension, diabetes mellitus, prior stroke, and Asian 
ethnicity (Table  3). Of these, prior stroke was the 
strongest predictor (HR, 3.63; 95% CI, 2.65–4.97; 
P<0.0001). Risk factors for ischemic/uncertain stroke 
were age, systolic blood pressure, total cholesterol, 
history of hypertension, diabetes mellitus, prior 
stroke, peripheral artery disease, and Asian ethnic-
ity. Hemorrhagic stroke was associated with systolic 

Figure 3. Distribution of the mRS scores of stroke and ischemic/uncertain stroke.  
A, Stroke. B, Ischemic/uncertain stroke. The mRS scores of first events are shown. First strokes with missing mRS are not presented. mRS indicates modified Rankin Scale.

Table 2. mRS and SAGE Scores Among Participants With Stroke

Scores

Rivaroxaban Plus 
Aspirin (n=9152)

Rivaroxaban Alone 
(n=9117)

Aspirin Alone 
(n=9126)

Rivaroxaban Plus Aspirin 
vs Aspirin Alone

Rivaroxaban Alone vs 
Aspirin Alone

No. of 
Patients Mean±SD

No. of 
Patients Mean±SD

No. of 
Patients Mean±SD

Mean Difference 
(95% CI) P Value

Mean Difference 
(95% CI) P Value*

SAGE score

    Baseline 83 2.9±3.4 115 2.7±3.8 141 3.3±5.0 –0.4 (–1.6 to 0.9) 0.94 –0.6 (–1.7 to 0.6) 0.30

    Final visit 57 5.4±6.1 76 5.2±5.7 101 4.5±5.8 0.9 (–1.0 to 2.9) 0.32 0.7 (–1.0 to 2.4) 0.20

    Change between 
baseline and final visit

57 2.3±5.8 75 2.9±4.2 101 1.6±5.0 0.7 (–1.1 to 2.4) 0.54 1.2 (–0.2 to 2.6) 0.01

mRS score

    At 7 days or discharge 83 2.4±2.0 115 2.6±2.1 141 2.2±1.9 0.2 (–0.4 to 0.7) 0.66 0.3 (–0.1 to 0.8) 0.29

mRS indicates modified Rankin Scale; and SAGE, Standard Assessment of Global Activities in the Elderly.
*P values are from the Wilcoxon rank-sum tests.
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blood pressure, tobacco use, prior stroke, and Asian 
ethnicity. We examined the effects of treatment as-
signment on the outcome of stroke in subgroups 
identified as predictors of stroke occurrence during 
the trial (Figure 4). Consistent effects were seen a-
cross all relevant subgroups with no significant treat-
ment interactions.

Participants With Prior Stroke: Relative and 
Absolute Reductions by Antithrombotic 
Treatment
Considering the 1032 participants with prior stroke, the 
rate of ischemic/unknown stroke averaged 3.4% per 
year among aspirin-assigned patients and was reduced 

Table 3. Independent Predictors of Stroke, Multivariable Analysis

Predictors of 
Stroke

No. of 
Patients (% 
of Cohort)

Stroke Ischemic or uncertain stroke Hemorrhagic stroke

Annual 
Rate, * 

%/y

Adjusted 
Hazard Ratio† 

(95% CI) P Value

Annual 
Rate, * 

%/y

Adjusted 
Hazard Ratio† 

(95% CI) P Value

Annual 
Rate, * 

%/y

Adjusted 
Hazard Ratio† 

(95% CI) P Value

Age    0.001   0.0003   0.29

    <65 y 6517 (23.8) 0.8 Ref. group  0.7 Ref. group  0.08 Ref. group  

    65–74 y 15 183 (55.4) 0.5 0.81 (0.60–1.08)  0.4 0.71 (0.52–0.96)  0.1 1.71 (0.76–3.83)  

    ≥75 y 5695 (20.8) 0.9 1.31 (0.95–1.80)  0.8 1.22 (0.87–1.72)  0.1 2.10 (0.82–5.36)  

Systolic blood 
pressure

   0.0002   0.002   0.04

    ≤120 mm Hg 5493 (20.1) 0.4 Ref. group  0.4 Ref. group  0.05 Ref. group  

    121–139 mm Hg 10 964 (40.0) 0.6 1.46 (1.03–2.08)  0.5 1.38 (0.95–2.02)  0.09 1.98 (0.74–5.30)  

    ≥140 mm Hg 10 936 (39.9) 0.8 1.98 (1.41–2.80)  0.7 1.84 (1.27–2.66)  0.1 3.13 (1.20–8.19)  

Total cholesterol    0.23   0.06   0.36

    <5.2 mmol/L 22 998 (84.1) 0.6 Ref. group  0.5 Ref. group  0.1 Ref. group  

    5.2–6.2 mmol/L 3043 (11.1) 0.8 1.23 (0.90–1.68)  0.8 1.37 (0.99–1.90)  0.05 0.49 (0.15–1.57)  

    >6.2 mmol/L 1298 (4.8) 0.9 1.34 (0.86–2.08)  0.9 1.49 (0.95–2.35)  0.04 0.43 (0.06–3.13)  

Tobacco use    0.94   0.42   0.002

    Never 8757 (32.0) 0.7 Ref. group  0.6 Ref. group  0.04 Ref. group  

    Former 12 771 (46.6) 0.6 1.01 (0.79–1.29)  0.5 0.88 (0.68–1.14)  0.1 2.68 (1.17–6.15)  

    Current 5867 (21.4) 0.7 1.06 (0.76–1.46)  0.5 0.80 (0.56–1.15)  0.2 5.32 (2.12–3.34)  

Hypertension    0.02   0.02   0.60

    No 6763 (24.7) 0.4 Ref. group  0.3 Ref. group  0.08 Ref. group  

    Yes 20 632 (75.3) 0.7 1.43 (1.07–1.92)  0.6 1.49 (1.07–2.06)  0.1 1.20 (0.61–2.37)  

Diabetes mellitus    0.007   0.001   0.50

    No 17 054 (62.3) 0.5 Ref. group  0.4 Ref. group  0.1 Ref. group  

    Yes 10 341 (37.7) 0.8 1.35 (1.09–1.69)  0.8 1.49 (1.17–1.89)  0.09 0.82 (0.45–1.47)  

Previous stroke    <0.0001   <0.0001   0.02

    No 26 363 (96.2) 0.6 Ref. group  0.5 Ref. group  0.09 Ref. group  

    Yes 1032 (3.8) 2.6 3.63 (2.65–4.97)  2.4 3.75 (2.69–5.23)  0.3 3.12 (1.22–7.98)  

Peripheral artery 
disease

   0.12   0.02   0.20

    No 19 925 (72.7) 0.6 Ref. group  0.5 Ref. group  0.1 Ref. group  

    Yes 7470 (27.3) 0.9 1.20 (0.95–1.52)  0.8 1.33 (1.04–1.71)  0.07 0.63 (0.31–1.28  

Race    0.003   0.06   0.02

    White 17 027 (62.2) 0.6 Ref. group  0.5 Ref. group  0.08 Ref. group  

    Black 262 (1.0) 0.2 0.31 (0.04–2.21)  0.2 0.33 (0.05–2.39)  0 -  

    Asian 4269 (15.6) 1.0 1.59 (1.22–2.08)  0.8 1.44 (1.07–1.93)  0.2 2.61 (1.43–4.97)  

    Other 5837 (21.3) 0.7 1.03 (0.78–1.37)  0.6 1.01 (0.75–1.37)  0.08 1.13 (0.51–2.51)  

Ref. group indicates reference group.
*Percent per year (%/y) is the rate per 100 patient-years of follow-up. All analyses were based on the time to a first event; patients could have >1 event.
†Hazard ratios (95% CI) and P values are from the multivariable Cox proportional hazards regression models. Participants with average systolic blood pressure 

139.5 mm Hg are included in the ≥140 mm Hg category.
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by 67% with rivaroxaban plus aspirin (HR, 0.33; 95% 
CI, 0.14–0.77; P=0.01; interaction P=0.28). The abso-
lute stroke reduction in these participants was 2.3% per 
year with rivaroxaban plus aspirin (number needed to 
treat for 1 year, 43) (Table  4). The annualized rate of 
the composite outcome of cardiovascular death, stroke, 
or myocardial infarction in those with prior stroke was 
6.6% in those assigned to aspirin and was reduced to 
3.7% in those assigned to aspirin and rivaroxaban (HR, 
0.57; 95% CI, 0.34–0.96; P=0.04; interaction P=0.27; 
number needed to treat for 1 year, 36). No significant re-
duction was observed in the occurrence of ischemic/un-
certain stroke in participants with prior stroke assigned 
rivaroxaban alone in comparison with aspirin (HR, 0.79; 
95% CI, 0.41–1.52; P=0.47). Similarly, no significant 
difference was noted in the composite outcome of car-
diovascular death, stroke, or myocardial infarction with 
rivaroxaban alone in those with prior stroke (Table 4).

Participants with a prior stroke had a higher annu-
alized rate of hemorrhagic stroke of 0.3% compared 
with 0.09% for those without prior stroke (HR, 3.12; 
95% CI, 1.22–7.98; P=0.02). The total number of hem-
orrhagic strokes was small in the population with prior 
stroke (rivaroxaban plus aspirin=2, rivaroxaban alone=3, 
aspirin alone=0) (Table 4). The absence of hemorrhagic 

stroke in participants assigned aspirin precluded testing 
of interaction by previous stroke status for this outcome.

Major bleeding was not significantly increased in in-
dividuals with previous stroke, occurring at an annual-
ized rate of 1.5% in comparison with 1.4% in those 
without a history of previous stroke (HR, 1.06; 95% CI, 
0.72–1.56; P=0.76; interaction P=0.19).

High-Risk Patients Without Prior Stroke
To define the effects of the study treatments for the 
primary prevention of stroke across a gradient of stroke 
risk, analyses were conducted in participants without 
a history of stroke (Table 5). Excluding those high-risk 
patients with prior stroke, independent risk factors for 
stroke included age (≥75 versus <65 years; HR, 1.71; 
95% CI, 1.20–2.44), systolic blood pressure at entry 
(≥140 versus ≤120 mm Hg; HR, 1.66; 95% CI, 1.16–
2.37), and history of hypertension (HR, 1.36; 95% CI, 
1.01–1.84), history of diabetes mellitus (HR, 1.46; 95% 
CI, 1.15–1.84), and Asian ethnicity (HR, 1.69; 95% CI, 
1.27–2.25). In those without prior stroke, smoking and 
Asian ethnicity were independent predictors of hemor-
rhagic stroke, but total cholesterol, history of hyperten-
sion, and baseline blood pressure were not predictive 
of hemorrhage.

Figure 4. Relative risk of stroke for the comparison of rivaroxaban plus aspirin versus aspirin alone, in subgroups of selected baseline characteristics.
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A consistent effect on relative risk was noted across 
risk strata with a similar relative reduction at all levels of 
risk, although the absolute benefit was highest in the 
high-risk group (Table 6).

Risk stratification using these independent predictors 
resulted in about one-third of participants categorized as 
high risk for ischemic/uncertain stroke with an absolute 
stroke rate of 1.3% per year. Treatment with rivaroxa-
ban plus aspirin was associated with a 53% reduction 
in the annualized rate of ischemic/unknown strokes in 
high-risk patients (absolute reduction of 0.6% per year; 
number needed to treat for 1 year, 142) (HR, 0.57; 95% 
CI, 0.39–0.84; interaction P=0.72). Combination treat-

ment did not increase the risk of hemorrhagic stroke 
in this group (HR, 1.76; 95% CI, 0.59–5.24). High-risk 
patients assigned rivaroxaban alone experienced a re-
duction in the occurrence of ischemic/uncertain stroke 
(HR, 0.51; 95% CI, 0.34–0.77; interaction P=0.05) and 
an increase in hemorrhagic stroke (HR, 3.08; 95% CI, 
1.12–8.47; interaction P=0.50).

DISCUSSION
The combination of rivaroxaban and aspirin signifi-
cantly reduced stroke by 42% in comparison with as-
pirin alone in a population with stable atherosclerotic 

Table 4. Effect of Rivaroxaban Among Participants With or Without Previous Stroke

Participants

Rivaroxaban Plus 
Aspirin (n=9152)

Rivaroxaban Alone 
(n=9117)

Aspirin Alone 
(n=9126)

Rivaroxaban Plus Aspirin vs 
Aspirin Alone

Rivaroxaban Alone vs Aspirin 
Alone

No. of First 
Events/ 
Patients

Annual 
Rate, * 

%/y

No. of First 
Events/ 
Patients

Annual 
Rate, * 

%/y

No. of First 
Events/ 
Patients

Annual 
Rate, * 

%/y

Hazard 
Ratio† 

(95% CI)
P  

Value
P Value for 
Interaction

Hazard 
Ratio† 

(95% CI) P Value
P Value for 
Interaction

Stroke         0.40   0.86

    No previous 
stroke

74/8801 0.4 99/8771 0.6 122/8791 0.7 0.60  
(0.45–0.80)

0.0006  0.81  
(0.62–1.06)

0.13  

    Previous 
stroke

9/351 0.7 18/346 2.9 20/335 3.4 0.42  
(0.19–0.92)

0.03  0.88  
(0.47–1.67)

0.70  

Ischemic or 
uncertain 
stroke

0.28   0.71

    No previous 
stroke

61/8801 0.4 75/8771 0.4 112/8791 0.7 0.54  
(0.40–0.74)

0.0001  0.67  
(0.50–0.90)

0.007  

    Previous 
stroke

7/351 1.1 16/346 2.6 20/335 3.4 0.33  
(0.14–0.77)

0.01  0.79  
(0.41–1.52)

0.47  

Hemorrhagic 
stroke

        -   -

    No previous 
stroke

13/8801 0.08 24/8771 0.1 10/8791 0.06 1.29  
(0.57–2.94)

0.54  2.41  
(1.51–5.03)

0.02  

    Previous 
stroke

2/351 0.3 3/346 0.5 0/335 0 - -  - - -

Major 
bleeding

        0.19   0.14

    No previous 
stroke

276/8801 1.7 243/8771 1.5 167/8791 1.0 1.66  
(1.37–2.01)

<0.0001  1.47  
(1.21–1.79)

0.0001  

    Previous 
stroke

12/351 1.9 12/346 1.9 3/335 0.5 3.79  
(1.07–13.4)

0.04  3.84  
(1.08–13.6)

0.04  

Minor 
bleeding

        0.05   0.65

    No previous 
stroke

820/8801 5.2 715/8771 4.5 484/8791 3.0 1.73  
(1.55–1.94)

<0.0001  1.51  
(1.35–1.70)

<0.0001  

    Previous 
stroke

18/351 3.0 26/346 4.3 19/335 3.3 0.91  
(0.48–1.73)

0.76  1.39  
(0.72–2.34)

0.39  

CV death, 
stroke, or MI

        0.27   0.42

    No previous 
stroke

356/8801 2.1 406/8771 2.4 458/8791 2.8 0.77  
(0.67–0.88)

0.0002  0.89  
(0.78–1.01)

0.08  

    Previous 
stroke

23/351 3.7 42/346 7.0 38/335 6.5 0.57  
(0.34–0.96)

0.04  1.07  
(0.69–1.66)

0.77  

CV indicates cardiovascular; and MI, myocardial infarction.
Dashes indicate that the value could not be calculated.
*Percent per year (%/y) is the rate per 100 patient-years of follow-up. All analyses were based on the time to a first event; patients could have >1 event.
†Hazard ratios (95% CI) are from the stratified Cox proportional hazards regression models fit in the respective subgroup. P values are from the stratified log-rank tests.
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peripheral and coronary artery disease. The effect was 
driven by a 49% relative reduction in ischemic stroke 
partially offset by a nonsignificant increase in hemor-
rhagic stroke. Rivaroxaban alone did not significantly 
reduce stroke, and increased hemorrhagic stroke, mak-
ing this an unattractive treatment option.

Early stroke disability (mRS score at 7 days or hos-
pital discharge) was similarly distributed across treat-
ment arms, but the annualized risk of fatal or dis-
abling stroke was lower in participants assigned the 

combination of rivaroxaban and aspirin. The reduction 
in stroke occurrence with the combination was con-
sistent across mRS scores, suggesting that the reduced 
rate of stroke-associated death and disability was at-
tributable to a reduction in the occurrence of stroke 
rather than an effect on stroke severity or enhanced 
recovery. Disability as measured by the mRS early after 
stroke occurrence predicts future resource utilization 
and costs but imperfectly correlates with long-term 
disability.10

Table 5. Independent Predictors of Stroke Among Participants Without Previous Stroke, Multivariable Analysis

Predictors of 
Stroke

No. of 
Patients (% 
of Cohort)

Stroke Ischemic or Uncertain Stroke Hemorrhagic Stroke

Annual 
Rate, * 

%/y

Adjusted 
Hazard Ratio† 

(95% CI) P Value

Annual 
Rate, * 

%/y

Adjusted 
Hazard Ratio† 

(95% CI) P Value

Annual 
Rate, * 

%/y

Adjusted 
Hazard Ratio† 

(95% CI) P Value

Age    <0.0001   <0.0001   0.44

    <65 y 6161 (23.4) 0.6 Ref. group  0.5 Ref. group  0.08 Ref. group  

    65–74 y 14 715 (55.8) 0.5 0.93 (0.67–1.28)  0.4 0.85 (0.60–1.21)  0.09 1.37 (0.59–3.14)  

    ≥75 y 5487 (20.8) 0.9 1.71 (1.20–2.44)  0.8 1.66 (1.13–2.43)  0.1 1.86 (0.71–4.89)  

Systolic blood 
pressure

   0.01   0.08   0.11

    ≤120 mm Hg 5294 (20.1) 0.4 Ref. group  0.4 Ref. group  0.05 Ref. group  

    121–139 mm Hg 10 579 (40.1) 0.5 1.31 (0.91–1.89)  0.5 1.22 (0.83–1.81)  0.09 1.90 (0.71–5.14)  

    ≥140 mm Hg 10 488 (39.8) 0.7 1.66 (1.16–2.37)  0.6 1.51 (1.03–2.21)  0.1 2.75 (1.04–7.29)  

Total cholesterol    0.11   0.02   0.52

    <5.2 mmol/L 22 190 (84.3) 0.6 Ref. group  0.5 Ref. group  0.1 Ref. group  

    5.2–6.2 mmol/L 2895 (11.0) 0.8 1.32 (0.94–1.85)  0.7 1.48 (1.03–2.11)  0.06 0.57 (0.17–1.84)  

    >6.2 mmol/L 1225 (4.7) 0.8 1.47 (0.90–2.39)  0.8 1.66 (1.00–2.74)  0.05 0.50 (0.07–3.67)  

Tobacco use    0.35   0.95   0.003

    Never 8403 (31.9) 0.6 Ref. group  0.5 Ref. group  0.04 Ref. group  

    Former 12 312 (46.7) 0.6 1.09 (0.83–1.43)  0.5 0.96 (0.72–1.28)  0.1 2.76 (1.13–6.76)  

    Current 5648 (21.4) 0.6 1.24 (0.91–1.83)  0.5 1.01 (0.69–1.48)  0.2 5.52 (2.06–14.8)  

Hypertension    0.05   0.04   0.70

    No 6628 (25.1) 0.4 Ref. group  0.3 Ref. group  0.09 Ref. group  

    Yes 19 735 (74.9) 0.6 1.36 (1.01–1.84)  0.5 1.41 (1.01–1.98)  0.09 1.15 (0.58–2.28)  

Diabetes mellitus    0.002   0.0002   0.37

    No 16 540 (62.7) 0.5 Ref. group  0.4 Ref. group  0.1 Ref. group  

    Yes 9823 (37.3) 0.8 1.46 (1.15–1.84)  0.7 1.64 (1.27–2.12)  0.08 0.75 (0.40–1.41)  

Peripheral artery 
disease

   0.07   0.02   0.34

    No 19 395 (72.6) 0.5 Ref. group  0.4 Ref. group  0.1 Ref. group  

    Yes 6968 (26.4) 0.7 1.26 (0.98–1.62)  0.7 1.38 (1.05–1.81  0.07 0.70 (0.33–1.46)  

Race    0.001   0.03   0.03

    White 16 481 (62.5) 0.5 Ref. group  0.4 Ref. group  0.08 Ref. group  

    Black 254 (1.0) 0.2 0.35 (0.05–2.52)  0.2 0.38 (0.05–2.73)  0 -  

    Asian 4061 (15.4) 0.9 1.69 (1.27–2.25)  0.7 1.54 (1.12–2.11)  0.2 2.57 (1.34–4.92)  

    Other 5567 (21.1) 0.6 1.00 (0.73–1.36)  0.5 1.01 (0.72–1.40)  0.06 0.90 (0.37–2.21)  

Ref. group indicates reference group.
Dashes indicate that the value could not be calculated.
*Percent per year (%/y) is the rate per 100 patient-years of follow-up. All analyses were based on the time to a first event; patients could have >1 event.
†Hazard ratios (95% CI) and P values are from the multivariable Cox proportional hazards regression models. Participants with average systolic blood pressure 

139.5 mm Hg are included in the ≥140 mm Hg category.
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The risk reduction for stroke with the combination of 
rivaroxaban plus aspirin over aspirin was consistent over 
stroke risk groups with the absolute benefit greatest in 
those at highest risk.

The most important predictor of the occurrence of 
stroke was a history of prior stroke, ie, the secondary 
prevention population. Participants with prior stroke 
had an almost 5-fold increase in the annualized rate 
of stroke on aspirin in comparison with those having 
no history of stroke (3.4% versus 0.7%) despite good 
blood pressure control and use of statins. The absolute 
benefit of adding 2.5 mg rivaroxaban twice daily to as-
pirin was large for secondary stroke prevention: a 2.5% 
reduction in ischemic stroke and a 3.3% reduction in 
cardiovascular death, stroke, or myocardial infarction. 
This subgroup is of particular interest because it was 
the strongest predictor of stroke, and antithrombotic 
efficacy tends to be greater in secondary prevention.5 
The average time between prior stroke and trial entry 
was 5.3 years, and hence, the occurrence of prior stroke 
identifies individuals with a sustained high risk of vas-
cular events. A history of prior stroke identifies patients 
with atherosclerosis who have large absolute stroke re-
ductions if treated with rivaroxaban added to aspirin.

Previous trials of combination therapy for stroke 
prevention have compared clopidogrel and extended-
release dipyridamole added to aspirin with aspirin alone 
or clopidogrel alone.11–13 The combination of dipyrid-
amole with aspirin did not demonstrate benefit over 

clopidogrel in the secondary prevention of stroke.12 The 
CHANCE trial (Clopidogrel in High-Risk Patients with A-
cute Nondisabling Cerebrovascular Events) showed that 
clopidogrel added to aspirin started within 24 hours 
of minor stroke or transient ischemic attack reduced 
stroke occurrence at 90 days,11,14 but this treatment 
was not tested for long-term treatment and has not 
been widely adopted. Clopidogrel added to aspirin in 
individuals with recent lacunar stroke did not provide 
increased protection against stroke recurrence and was 
associated with an increase in bleeding and mortality.13 
Consequently, aspirin remains a widely accepted ther-
apy for secondary stroke prevention.

Stroke etiology is heterogeneous, and the majority 
of strokes are embolic in origin, arising from arterial or 
cardiac sources.15 In atrial fibrillation, rivaroxaban 20 
mg (reduced to 15 mg in renal failure) has been shown 
to be effective for stroke prevention.16 The observed ef-
fects of combination therapy in COMPASS on stroke are 
consistent with the hypothesis that anticoagulation by 
inhibition of factor Xa in addition to cyclo-oxygenase in-
hibition reduces noncardiac embolism into the cerebral 
circulation better than inhibition of cyclo-oxygenase a-
lone. Factor Xa interacts with protease-activated recep-
tor 1 and 2. Activation of these receptors in the arterial 
wall has the potential to increase endothelial dysfunc-
tion and inflammation.17 Inhibition of factor Xa by ri-
varoxaban may reduce stroke in individuals with ath-
erosclerosis through multiple mechanisms. In addition, 

Table 6. Risk Stratification Among Participants Without Previous Stroke

Stratified 
Risk 

Rivaroxaban Plus 
Aspirin (n=9152)

Rivaroxaban Alone 
(n=9117)

Aspirin Alone 
(n=9126)

Rivaroxaban Plus Aspirin vs 
Aspirin Alone

Rivaroxaban Alone vs Aspirin 
Alone

No. of First 
Events/ 
Patients

Annual 
Rate, 
%/y

No. of First 
Events/ 
Patients

Annual 
Rate, 
%/y

No. of First 
Events/ 
Patients

Annual 
Rate, 
%/y

Hazard 
Ratio 

(95% CI)
P 

Value
P Value for 
Interaction

Hazard 
Ratio (95% 

CI)
P 

Value
P Value for 
Interaction

Stroke         0.72   0.08

    Low to 
medium risk

32/5839 0.3 52/5847 0.5 50/5852 0.4 0.64  
(0.41–1.00)

0.05  1.05  
(0.71–1.55)

0.80  

    High risk 42/2937 0.7 47/2906 0.8 72/2927 1.3 0.57  
(0.39–0.84)

0.004  0.65  
(0.45–0.94)

0.02  

Ischemic or 
uncertain 
stroke

        0.62   0.05

    Low to 
medium risk

25/5838 0.2 39/5856 0.3 42/5844 0.4 0.59  
(0.36–0.98)

0.04  0.93  
(0.60–1.44)

0.74  

    High risk 36/2938 0.6 36/2897 0.7 70/2935 1.3 0.51  
(0.34–0.76)

0.001  0.51  
(0.34–0.77)

0.001  

Hemorrhagic 
stroke

        0.36   0.50

    Low to 
medium risk

4/5841 0.04 9/5883 0.08 5/5814 0.05 0.79  
(0.21–2.96)

0.73  1.81  
(0.61–5.41)

0.29  

    High risk 9/2935 0.2 15/2870 0.3 5/2965 0.09 1.76  
(0.59–5.24)

0.31  3.08  
(1.12–8.47)

0.03  

Risk stratification according to tertiles of estimated probability of having an outcome. Variables included in the multivariable prediction model are those shown 
in Table 5. Low- to medium-risk subgroup includes patients in the first and second tertiles, combined because of the low number of events and no difference in the 
event rates. The high-risk subgroup includes patients in the third tertile.
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platelet inhibition may be necessary to reduce emboli 
initiated by thrombus formation at sites of endothelial 
injury. Our findings suggest a synergistic effect of anti-
platelet and anticoagulant therapy in the prevention of 
atherothrombotic events, and are consistent with his-
torical trials of aspirin and heparin in patients with an 
acute coronary syndrome where combined therapy was 
superior to either treatment alone.18 Factor Xa inhibi-
tion at rivaroxaban doses of 2.5 mg twice daily appears 
to be insufficient to significantly increase intracerebral 
hemorrhage even in the presence of aspirin, whereas 
doses of 5 mg twice daily are associated with a signifi-
cant increase in this safety end point.

Limitations include that participants with recent 
stroke were excluded from COMPASS, and hence, we 
cannot comment on treatment effects in the early post-
stroke period. We did not systematically collect transi-
ent ischemic attacks from sites, and it is possible that 
some strokes were misclassified as transient ischemic 
attacks, resulting in a reduced number of stroke end 
points. Imaging for suspected stroke was interpreted at 
the site and was not centrally reviewed.

In summary, low-dose rivaroxaban plus aspirin is an 
important new option for efficacious antithrombotic 
therapy for primary and especially secondary prevention 
of stroke in patients with atherosclerosis. The absolute 
risk reduction for secondary prevention is substantial 
and makes a compelling case favoring the use of 2.5 
mg rivaroxaban twice daily plus aspirin in these patients.
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