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ABSTRACT 

Background: Direct oral anticoagulants are administered in fixed doses irrespective of body 

weight, but guidelines recommend against their use in patients with extremes of body weight.  

Objectives: We determined the effects of dual pathway inhibition antithrombotic regimen 

(rivaroxaban 2.5 mg twice daily plus aspirin 100 mg/day) compared with aspirin alone across range 

of patient body mass index (BMI) and body weight.  

Methods: A secondary analysis of the COMPASS trial (Cardiovascular OutcoMes for People 

using Anticoagulation StrategieS), which included patients with chronic coronary artery disease 

or peripheral artery disease.  Efficacy and safety outcomes were studied in relation to BMI: (normal 

18.5≤BMI<25 kg/m2; overweight 25≤BMI<30 kg/m2; obese≥30kg/m2) and bodyweight (≤70kg; 

70<weight ≤90kg; and >90kg) as well as ≤120 kg vs. >120 kg).  

Results: Among 27,395 patients randomized, 6,459 (24%) had normal BMI, 12,047 (44%) were 

overweight and 8,701 (32%) obese. The combination of rivaroxaban and aspirin compared with 

aspirin produced a consistent reduction in the primary outcome of cardiovascular death, stroke, or 

myocardial infarction, irrespective of BMI or bodyweight. For 18.5≤BMI<25: 3.5% vs. 5.0%, HR 

(95% credible intervals): 0.73 (0.58-0.90); 25≤BMI<30: 4.3% vs. 5.1%, HR(95%CrI): 0.80(0.66-

0.96); BMI≥30: 4.2% vs. 6.1%, HR(95%CrI): 0.71(0.57-0.86). For body weight ≤70kg: 4.1% vs. 

5.3%, HR(95%CrI) was 0.75(0.62-0.91); 70<weight≤90kg:  4.1% vs. 5.3%; HR:0.76(0.65-0.89); 

>90kg:4.2% vs. 5.7%; HR:0.74(0.61-0.90). Effects on bleeding, mortality and net clinical benefit 

were consistent irrespective of BMI or bodyweight.  

Conclusions: The effects of dual pathway antithrombotic therapy are consistent irrespective of 

BMI or bodyweight, suggesting no need for dose adjustments in the ranges of weights and BMI of 

patients enrolled in the COMPASS trial. Further studies need to address this problem in relation 

to greater extremes of body weight.  

CONDENSED ABSTRACT: Direct oral anticoagulants are administered in fixed doses 

irrespective of body weight, but guidelines recommend against their use in patients with extremes 

of body weight. We found that the dual pathway anticoagulant therapy used in COMPASS trial - 

a combination of 2.5mg rivaroxaban (BID) with 100mg aspirin (OD) - produces a consistent 

reduction in MI, stroke or CV death, independent of BMI and body weight. Effects on safety 

outcomes, net clinical benefit and all-cause mortality were similarly consistent. These data indicate 

that clinicians can use dual antithrombotic for vascular prevention across a broad range of body 

weights without dose adjustment. 

KEYWORDS: NOAC, cardiovascular risk, prevention, rivaroxaban 

ABBREVIATIONS AND ACRONYMS 

ASA - acetyl salicylic acid 

CAD - coronary artery disease 

PAD – peripheral arterial disease 

BMI – body mass index 

MI- myocardial infarction 

CrI – highest posterior density credible intervals 

CI – confidence intervals 

CV – cardiovascular 

DOAC- direct oral anticoagulant 

COMPASS - Cardiovascular OutcoMes for People using Anticoagulation StrategieS trial 

CLINICAL TRIAL: NCT01776424 
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Introduction 

The COMPASS trial demonstrated that dual pathway antithrombotic therapy using 

combination of rivaroxaban 2.5 mg twice daily and aspirin 100mg once daily reduces the risk of 

CV death, stroke or myocardial infarction by 24% compared with aspirin alone in patients with 

chronic coronary artery disease (CAD) or peripheral artery disease (PAD) (1,2). This result 

provides a fundamentally new approach to long-term antithrombotic management in patients with 

chronic atherosclerotic vascular disease (3,4). All patients enrolled in the COMPASS trial received 

the same dose of rivaroxaban despite a broad range of BMI and body weights (5). Obesity has 

been shown to influence the pharmacokinetics of some antithrombotic drugs (6). Although 

extremes in body weight appear to have minimal influences on rivaroxaban plasma 

concentration(7,8), the impact of body weight on the efficacy and safety of direct oral 

anticoagulant (DOAC) therapy in patients with PAD and CAD is uncertain. Current 

recommendations by the International Society on Thrombosis and Haemostasis suggest that 

DOACs should not be used in patients with bodyweight >120 kg or BMI >40 kg/m2 (9).  At the 

same time, both overweight and obesity are strongly linked to increased cardiovascular risk (10), 

suggesting this population is in particular need for novel prevention strategies. Accordingly, we 

aimed to examine the consistency of benefits and risks of dual pathway antithrombotic therapy 

(rivaroxaban 2.5 mg twice daily plus aspirin 100 mg/day) compared with aspirin 100 mg alone 

according to a range of normal to high BMI and range of body weight categories. 

Methods 

Study population, design and outcomes:  

The design and results of the COMPASS trial have been previously reported (1-3,5,11). 

COMPASS was a multicenter (602 centres in 33 countries), double-blind, randomized, placebo-
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controlled trial comparing the following treatment strategies in patients with chronic coronary 

artery disease (CAD) or peripheral artery disease (PAD): (i) rivaroxaban 2.5 mg twice-daily 

combined with aspirin 100 mg once daily, (ii) rivaroxaban 5 mg twice-daily plus placebo aspirin 

once daily, and (iii) aspirin 100 mg once daily plus placebo rivaroxaban twice daily for the 

prevention of cardiovascular death, stroke, or myocardial infarctions as the primary composite 

efficacy outcome. The primary safety outcome was a modification of the International Society on 

Thrombosis and Hemostasis (ISTH) major bleeding definition, that included fatal bleeding, 

symptomatic bleeding into a critical organ, bleeding into a surgical site requiring re-operation, and 

bleeding leading to hospitalization (including presentation to an acute care facility without an 

overnight stay) (1-3,5,11).  The details of inclusion and exclusion criteria have been published 

previously (5). The study was stopped after a median of 23 months of follow up following a 

recommendation of the Data Safety Monitoring Board, after finding of clear evidence of benefit 

of the combination of rivaroxaban and aspirin compared with aspirin alone. 

In the present study, we focused on the comparison between rivaroxaban 2.5mg twice daily 

plus aspirin100 mg once daily and aspirin alone because these regimens are approved for clinical 

use. In the supplement we also present the data for the comparison between rivaroxaban 5mg twice 

daily and aspirin 100 mg once daily. The COMPASS study protocol was approved by Ethics 

Committees at all participating sites, and all participants provided written informed consent.  

Weight and Obesity classification:  

Participant’s bodyweight, height, as well as main clinical characteristics were recorded at 

baseline (Table 1, 2 and Online Table 1). BMI was calculated using standard formula 

(BMI=weight (kg)/[height (m)]2) and analysed in previously published categories of: normal BMI 

(18.5 kg/m2 ≤ BMI <25 kg/m2); overweight (25 kg/m2  ≤ BMI <  30 kg/m2), or obese (BMI ≥30 
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kg/m2). Subjects with BMI<18.5 kg/m2 were not included in this analysis as this group contained 

only 166 subjects (including 37 on rivaroxaban alone) and the number of events observed was 

insufficient to provide relevant insight into efficacy and safety in this group of patients. Body 

weight was  stratified into 3 categories using previously published cut offs:  bodyweight ≤ 70 kg; 

70<bodyweight≤90kg and subjects with bodyweight >90kg (12,13). In addition, primary outcome 

and major bleeding were analysed in subjects with body weight ≤120 and >120 kg as well as BMI 

≤40 and >40 kg/m2 as well as in relation to widely accepted obesity classes: with class 1 obesity 

(30≤BMI<35kg/m2); class 2 obesity (35≤BMI<40kg/m2) and class 3 obesity with BMI ≥40. 

Statistical Methods:  

Baseline data are presented as either mean ± SD or n (%). Analyses were conducted 

according to the intention-to-treat principle. Annualized event rates were calculated as a number 

of patients with an outcome event per total number of patients- years of follow-up. Event rates 

for the entire COMPASS population were calculated for deciles of BMI in kg/m2 and 

bodyweight in kg and presented as a plot with a parametric cubic spline smoothing function.  

Survival analyses were based on time to first event. Stratified Cox proportional hazards 

regression models were used to estimate hazard ratios (HR) and corresponding 95% confidence 

intervals (CI) to compare the effects of antithrombotic regimens within categories of BMI and 

bodyweight. Further, shrinkage estimators were calculated to reduce the total expected error in 

parameters by shrinking the estimates towards the overall mean based on the variability among 

the subgroups effects (14). A shrinkage estimator takes into account the information from the 

overall trial to provide a more reliable estimate of the effect of treatment within a subgroup and 

has become the preferred statistical approach to subgroup analysis(15-17).  Shrinkage estimates 

of the treatment effect along with 95% credible intervals (CrI) were calculated using Bayesian 
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random-effects meta-analysis (15,16). Significance was tested using stratified log-rank tests. 

Interaction between the effect of treatment with rivaroxaban and aspirin vs aspirin alone and 

subgroups defined by BMI and bodyweight were examined using stratified Cox models. All 

reported p values are 2-sided. The shrinkage analysis was performed using the “bayesmeta” 

package in R 3.5.1 (R Foundation, Vienna, Austria), while other analyses were performed using 

SAS software for Linux, version 9.4 (SAS Institute Inc., Cary, NC, USA). Figures were 

produced using R (R Core Team, 2018). 

Results 

Obesity and overweight in COMPASS population 

Body weight data were available in 27376 subjects in COMPASS. After excluding subjects 

with a BMI below 18.5 kg/m2 or those with missing data (n=188), 27207 subjects were included 

in our analyses. The average BMI of participants of COMPASS trial was 28.3±4.7 kg/m2 (Online 

Table 1; Median (IQR) - 27.8 (25.1-31)). Normal BMI was found in 6459 subjects (24%), while 

12047 (44%) patients were overweight and 8701 (32%) were obese (Table 1). Obese included 

6408 subjects with class 1 obesity (30≤BMI<35kg/m2); 1765 subjects with class 2 obesity 

(35≤BMI<40kg/m2) and 528 patients with extreme class 3 obesity BMI ≥40 (all of whom fell 

within the BMI>40 ISTH category)(18).  Average body weight of subjects was 80.9±16.3kg 

(Online Table 1; median (IQR)-80 (70-90)). 26.7% (n=7315) presented with body weight <70kg, 

48% (13140 patients) had bodyweight in the second category (70<weight ≤90kg), while in 25.3% 

(6921) of the patients, the weight was >90kg (Table 2). Four hundred and fifty-one subjects 

presented with body weight >120kg in all of the arms of COMPASS trial. Neither BMI, nor 

bodyweight differed between the treatment arms (Online Table 1).  

Baseline characteristics of patients in different BMI categories is shown in Table 1 and in 
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body-weight categories in Table 2. Increased BMI or bodyweight were associated with a higher 

prevalence of cardiovascular comorbidities, including baseline blood pressure and hypertension, 

peripheral artery disease, higher rates of prior MI, diabetes and heart failure (Tables 1 and 2).  

Event rates for the primary composite efficacy outcome of cardiovascular death, MI, or 

stroke were borderline increased in subjects with BMI≥30 compared to BMI between 25 and <30 

(Figure 1; Hazard Ratio (95% CI): 1.15 (0.99-1.34), adjusted for treatment allocation). Treatment 

allocation adjusted hazard ratio (95% CI) when comparing the primary composite efficacy 

outcome for subjects with body weight >90kg vs. people with body weight ≤70kg was 1.01 (0.87-

1.17). HR was 1.03 (0.68-1.55) when comparing subjects with body weight >120kg vs ≤120kg. 

Thus, in the COMPASS population a typical J- type curve in the relationship between yearly 

occurrence of primary composite endpoint and BMI or bodyweight was not evident. (Figure 1A-

B; Online Table 2). 

Within the rivaroxaban 2.5 mg BID + aspirin 100mg and aspirin alone arms, body weight 

data were available in 18263 subjects. After excluding subjects with a BMI below 18.5 kg/m2 or 

those with missing data within these two arms only (n=132), 18131 subjects were included. The 

average BMI of participants within the rivaroxaban 2.5 mg BID + aspirin 100mg arm was 28.3±4.8 

kg/m2 and in aspirin alone - 28.4±4.7 kg/m2 (Online Table 1; Median (IQR) - 27.8 (25.1,30.9) and 

27.8 (25.1,31.0) respectively). Within the rivaroxaban 2.5 mg BID + aspirin 100mg and aspirin 

alone arms normal BMI was found in 4325 subjects (24%), while 7971 (44%) patients were 

overweight and 5835 (32%) - obese.  

BMI, bodyweight and the clinical benefits of dual pathway antithrombotic regimen 

Throughout the range of patient BMI and bodyweight categories, subjects randomized to 

rivaroxaban plus aspirin demonstrated fewer primary efficacy outcome events compared with 
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subjects randomized to aspirin alone (Central Illustration; Figure 1A-B and Figure 2). For subjects 

with 18.5≤BMI<25 event rates were 3.5% in rivaroxaban plus aspirin group vs. 5.0% in ASA 

group; shrinkage estimation HR (95%CrI): 0.73 (0.58-0.90); for 25≤BMI<30: 4.3% vs. 5.1%, HR: 

0.80 (0.66-0.96); for BMI≥30: 4.2% vs. 6.1%, HR: 0.71 (0.57-0.86); (Figure 2 and Online Table 

2). Similar effects were also observed using stratified Cox proportional hazards regression models 

with interaction p value =0.27 (Online Table 2). Further analysis in patients stratified according to 

categories of obesity (18) in comparison to non-obese demonstrated no significant interaction for 

primary composite outcome (p for interaction=0.56) with shrinkage hazard ratio (95%CrI) of 0.70 

(0.56-0.87) in subjects with class 1 obesity, 0.71 (0.52-0.95) in class 2 obese individuals and 0.75 

(0.53-1.05) in class 3 obese (Table 3 and Online Figure 4A). 

The efficacy of rivaroxaban and aspirin combination was consistent  across bodyweight 

categories when compared with aspirin alone (4.1% vs. 5.3% in subjects with body weight ≤70kg, 

shrinkage HR (95%CrI): 0.75 (0.62-0.91); 4.1% vs. 5.3% in subjects with 70<body weight≤90kg, 

HR: 0.76 (0.65-0.89); and 4.2% vs. 5.7% in subjects with weight >90kg, HR: 0.74 (0.61-0.90) 

(Figure 2; Online Table 2) These observations were also confirmed in a stratified Cox proportional 

hazards regression models with p value for interaction=0.9 (Online Table 2). 

Cumulative rate of events was also consistently reduced by rivaroxaban plus aspirin across 

BMI categories as demonstrated by Kaplan Meier plots in normal BMI, overweight and obese 

subjects (Figure 3). Similar consistent effects of the dual antithrombotic therapy on cumulative 

rate of events were observed in the defined bodyweight categories (Online Figure 1; Left) 

The benefit was also consistent for the secondary composite efficacy outcome of ischemic 

stroke, myocardial infarction, acute limb ischemia, or death from coronary heart disease with 

shrinkage HR estimate HR (95%CrI): 0.71 (0.57-0.89) in subjects with normal BMI; HR: 0.79 
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(0.66-0.95) in overweight subjects and HR: 0.69 (0.56-0.84) in obese individuals (Online Figure 

2; Online Table 3). Comparable shrinkage HR estimates were also observed for the defined body 

weight categories for the secondary outcome (for bodyweight ≤70kg HR: 0.73 (0.60-0.89); in 

subjects with 70<weight ≤90kg, HR: 0.76 (0.65-0.90), and in subjects with weight >90kg, HR: 

0.72 (0.58-0.87). Neither BMI nor bodyweight affected the observed efficacy of the treatment with 

rivaroxaban and aspirin in relation to all-cause mortality either as evident from shrinkage HR 

estimates (Online Figure 3; Online Table 4) as well as from interaction term in in a stratified Cox 

proportional hazards regression models (for BMI categories – interaction p value =0.78 and for 

the body weight categories the interaction value =0.99; Online Table 4B). 

BMI, bodyweight and bleeding risk  

Throughout the range of patient BMI, rivaroxaban plus aspirin showed increased major 

bleeding compared with aspirin alone (Figure 1A).  In subjects with 18.5 ≤ BMI <25 the incidence 

of major bleeding was 3.1% in the rivaroxaban plus aspirin treatment arm, 2.1% in the aspirin 

alone arm, with shrinkage HR (95%CrI): 1.61 (1.20-2.13). In overweight patients the shrinkage 

HR (95%CrI) was 1.85 (1.42-2.44) with an incidence of 3.2% in the rivaroxaban plus aspirin arm 

and 1.6% in subjects using aspirin alone (Central Illustration). In the obese group major bleeding 

risk incidence was 3.2% on rivaroxaban plus aspirin and 2.1% on aspirin with shrinkage HR 

(95%CrI): 1.59 (1.21-2.06) (Figure 4; Online Table 5). These observations were also confirmed in 

a stratified Cox proportional hazards regression model with interaction p-value=0.225 (Online 

Table 5).  Moreover, analysis in patients stratified according to categories of obesity demonstrated 

no significant interaction for major bleeding risk (p for interaction=0.39) with shrinkage hazard 

ratio (95%CrI) of 1.66 (1.24-2.20) in class 1 obese subjects, 1.49 (0.92-2.18) in class 2 obese 

individuals and 1.57 (0.91-2.46) in class 3 obese (Table 3).  
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Also no interaction was observed for the different body weight categories– shrinkage HR 

estimates (95%CrI) of  1.75 (1.34 -2.31) in subjects <70kg; 1.70 (1.36-2.11) in patients with 70 < 

bodyweight ≤ 90kg and 1.67 (1.28 -2.17) in those weighing >90kg (Figure 4, Online Table 5).  

This was also reflected by the cumulative incidence rate of major bleeding events which 

was increased for rivaroxaban plus aspirin when compared to aspirin alone and was consistent 

across BMI categories as demonstrated by Kaplan Meier plots for normal BMI, overweight and 

obese subjects (Figure 2; right panels). There was also no difference in effects of the dual 

anticoagulant therapy on the cumulative incidence rate of major bleeding events for the different 

body weight categories (Online Figure 1; right panels).  

Net clinical benefit and BMI or bodyweight in COMPASS trial 

The dual anticoagulant regimen using rivaroxaban plus aspirin showed a consistent 

reduction of the net clinical benefit outcome, a composite of cardiovascular mortality, stroke, 

myocardial infarction, fatal bleeding, or symptomatic bleeding into critical organ) across all the 

BMI categories (Central Illustration).  For patients with normal BMI, the shrinkage HR (95%CrI) 

was 0.77 (0.62-0.95); for overweight subjects HR (95%CrI) was 0.84 (0.71-1.01), and for obese 

individuals 0.75; (0.62-0.90) (Figure 5 and Online Table 6). Similar results for net clinical benefit 

were observed irrespective of the body weight with shrinkage hazard ratio estimates of the body 

weight categories with shrinkage hazard ratio estimates (95%CrI) being 0.79 (0.66–0.95); 0.80 

(0.68-0.93); 0.80 (0.67-0.96) for weight categories -≤ 70 kg; 70<weight≤90kg and >90kg, 

respectively. This was confirmed by the stratified Cox proportional hazards regression model 

reported in Online Table 6. The effects of dual pathway antithrombotic therapy on net clinical 

benefit were also consistent across categories of obesity (p for interaction=0.54) with shrinkage 
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hazard ratio (95%CrI) of 0.75 (0.60-0.92) in subjects with class 1 obesity, 0.75 (0.54-0.99) in class 

2 obese individuals and 0.79 (0.56-1.11) in class 3 obese (Table 3). 

Dual pathway antithrombotic regimen in subjects with extreme high body weight 

Among patients randomized to rivaroxaban plus aspirin compared with aspirin alone, a 

total of 318 subjects presented with a very high body weight exceeding 120kg, 157 in the aspirin 

alone and 161 in the rivaroxaban plus aspirin arm. Analysis of interaction term between treatment 

allocation and extreme body weight >120kg versus body weight ≤120kg indicated no significant 

difference between the groups for the primary composite efficacy outcome (p-value for interaction 

= 0.67). Importantly also, no significant interaction was observed for major bleeding (p for 

interaction=0.78) with hazard ratio for major bleeding of 1.70 (1.41-2.06) in subjects ≤120kg and 

1.39 (0.31-6.21) in subjects weighing >120kg (Online Figure 4B). 

Obesity, overweight and net clinical benefits in Rivaroxaban 5mg BID group vs ASA  

As rivaroxaban 5mg twice daily was associated with greater risk of bleeding in the main 

trial, and no significant decrease in primary composite outcome, we next investigated if this 

regimen may not be more efficient or carry more risk in patients with different BMI or bodyweight 

categories. Importantly, the results across the studied ranges of both BMI and bodyweight 

categories were consistent with lack of significant effect of this treatment on primary, secondary 

endpoints or all-cause mortality (Online Table 2). Neither were any of the categories of BMI or 

bodyweight exhibiting differential bleeding risk or net clinical benefit (Online Tables 3-4 and 

Table 3). 

Discussion 

In the present study, we provide evidence that the clinical benefits of the dual pathway 

anticoagulant therapy used in COMPASS – a combination of 2.5mg rivaroxaban (BID) with 
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100mg aspirin (OD) – produces a consistent reduction in MI, stroke or CV death, independent of 

BMI and body weight (Central Illustration). These data indicate that clinicians can use  

rivaroxaban 2.5 mg BID in combination with 100 mg OD aspirin for vascular prevention across a 

broad range of body weights without dose adjustment.  

The doses of rivaroxaban tested in COMPASS trial, notably lower than used for atrial 

fibrillation or dep vein thrombosis,  were selected on the basis of the dose-ranging studies and 

results of the ATLAS-TIMI 51 trial (5,19,20). Concerns have been raised that obesity and 

overweight may affect pharmacokinetics and pharmacodynamics of orally available medications, 

potentially modifying their efficacy and safety (21).  For example, secondary analyses from the 

RE-LY trial demonstrated that in patients with atrial fibrillation dabigatran levels varied 

according to bodyweight (22), although the differences were modest and did not affect clinical 

outcomes (22).  At the same time previous studies have shown, that body weight did not appear 

to affect blood levels of rivaroxaban used in venous thromboembolism prevention and treatment 

(23). Initial subgroup analysis of COMPASS trial showed similar efficacy in subjects with body 

weight <60kg and >60kg (1,2). Due to the risk of underdosing in the obese patients, the 

International Society on Thrombosis and Haemostasis recommended against the use of DOACs 

in patients with a bodyweight of >120 kg or BMI of >40 kg/m2 (6,9).  We did not measure drug 

levels in our analyses but the lack of impact of bodyweight on outcomes, suggests that there are 

no clinically important effects on efficacy and safety. Our observations are supported by the 

findings of a study in healthy volunteers investigating  pharmacokinetic and pharmacodynamics 

of rivaroxaban in subjects with body weight <50kg and >120kg. No clinically-relevant changes 

in AUC and Cmax in subjects with body weighing <50 kg (BMI 19.3 ± 1.1 kg/m2) or >120 kg 

(BMI of 43.5 ± 4.2 kg/m2) (7). In our analysis, patients with very high body weight, >120kg did 
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not show significant treatment – body weight interaction regarding either clinical efficacy or 

major bleeding. Notably, a recent analysis analyses of the four DOAC versus warfarin trials 

looking specifically at atrial fibrillation populations (RE-LY, ROCKET-AF, ARISTOTLE, and 

ENGAGE AF-TIMI 48) stratified by BMI, showed evidence of similar efficacy and safety 

profile between the direct oral anticoagulants, and warfarin in obese patients with atrial 

fibrillation (24).  

We did not see any evidence for the “obesity paradox” in the COMPASS population (25).  

Overweight and obesity are strong independent risk factors of cardiovascular disease and 

cardiovascular events, including myocardial infarction and strokes (26,27), as well a risk factor 

for atrial fibrillation (10,28,29) or heart failure (30). However, in number of previous studies 

higher BMI has been associated with better overall outcomes. For example, in ROCKET-AF risk 

of stroke was lower in patients with BMI ≥35 kg/m2 (31). Similarly, an “obesity paradox” was 

evident in ARISTOTLE 10, which found a lower risk of all-cause mortality, stroke, and systemic 

embolism in obese individuals (32,33). The absence of this pattern in COMPASS might be 

explained by the inclusion of patients with established CAD and/or PAD all of whom were at 

high risk of recurrent CV events. The risk profile of patients in COMPASS may therefore be 

interacting differently with obesity, compared with examples of J curve type obesity paradox in 

heart failure (34) or type 2 diabetes (35) .  

Finally, our analysis clearly indicates that the combination of vascular dose rivaroxaban 

and aspirin similarly increased the risk of major bleeding across all categories of BMI or 

bodyweight, obesity or overweight. The evidence surrounding the safety of non-vitamin K 

antagonist oral anticoagulants in overweight and obese patients is limited. This is important, as 

obesity, potentially through other risk factors such as hypertension, increases risk of severe 
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intracranial hemorrhages (36). Therefore, lack of excess bleeding in obese individuals on dual 

pathway inhibition therapy is clinically important.  

The consistent effects on the primary efficacy outcome and on major bleeding 

independent of BMI and body weight resulted in a positive net clinical benefit for the dual 

pathway inhibition with rivaroxaban and aspirin when compared with aspirin alone across the 

spectrum of body weights.  

Study limitations:  

While our study clearly indicates a consistent net clinical benefit across a broad range of 

weight as well as BMI, the observations related to subjects with extreme weight of >120kg need 

to be interpreted with caution - as the number of patients in this subgroup was small. Moreover, 

COMPASS trial did not include sufficient numbers of subjects with BMI<18.5 to perform such 

analysis in underweight individuals. Another limitation of the current study was, by design, the 

lack of pharmacokinetic and pharmacodynamic measurements, however this does not affect the 

way this trial informs clinical practice since for the analysis relevant clinical outcome events were 

used. Finally, weight category distributions show substantial frequency differences across sexes. 

This might have impacted the tests across weight categories. Importantly, we have previously 

shown, that results are consistent in females and males in COMPASS trial (37) and therefore did 

not perform further exploration of this aspect here.  

In conclusion, in patients with chronic atherosclerotic vascular disease, rivaroxaban 2.5 

mg twice daily plus aspirin 100 mg once daily compared with aspirin 100 mg once daily showed 

consistent reductions in major adverse cardiovascular and peripheral limb events along with the 

increased risk of major bleeding irrespectively of BMI or body weight. Therefore, a dose 

adjustment is not necessary in overweight and obese subjects for the dual pathway anticoagulant 
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regimen in these subjects. Finally, further studies need to address this issue in relation to greater 

extremes of body weight.  
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Clinical Perspectives: 

Competency in Patient Care: Dual pathway antithrombotic therapy with the combination of 

rivaroxaban 2.5 mg twice daily and aspirin 100 mg once daily reduces the incidence of 

cardiovascular death, stroke or myocardial infarction compared with aspirin alone in patients 

with chronic coronary, carotid or peripheral artery disease across a broad range of body weights. 

Translational Outlook: Further studies are needed to determine is similar uniformity of safety 

and efficacy applies to patients with low body weight and to extremely obese patients. 
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Figure Legends 

Figure 1. Rates of primary efficacy outcome (cardiovascular death, stroke, or myocardial 

infarction; left panels) and major bleeding (Panels right) in COMPASS (Cardiovascular 

OutcoMes for People using Anticoagulation StrategieS) according to BMI (Panel A) and weight 

(Panel B) of subjects in the trial. Plots show continuous range of weight in the COMPASS study 

patients (X axis) for the primary outcome (cardiovascular death, stroke, or myocardial infarction) 

and for major bleeding.  The lines indicate the relationship between event rates and weight for 

aspirin in blue and for combination of rivaroxaban and aspirin in red). Cross-hatched areas show 

95% CI bounds (aspirin in blue, aspirin plus rivaroxaban in red). 

Figure 2. Effects of dual antithrombotic therapy on primary outcome (cardiovascular 

death, stroke, or myocardial infarction) according to the categories of BMI and 

bodyweight. Data are expressed as hazard rations with 95%CrI. Shrinkage HR estimates were 

calculated using Bayesian random effects meta-analysis method, 95%CrI-highest posterior 

density credible intervals. 

Figure 3. Cumulative Incidence of the Primary Efficacy Outcome (left) and Major Bleeding 

(right) among Participants Receiving Rivaroxaban plus Aspirin, or Aspirin Alone in patients 

with Normal weight (18.25 ≤ BMI ≤ 25; top panels), overweight (25<BMI≤ 30; middle panels; 

B) and obese (BMI > 30; bottom panels). 

Figure 4. Effects of dual antithrombotic therapy on major bleeding, according to the 

categories of BMI and bodyweight. Data are expressed as hazard rations with 95%CrI. *-

Shrinkage HR estimates were calculated using Bayesian random effects meta-analysis method, 

95%CrI-highest posterior density credible intervals.   

 Figure 5. Effects of dual antithrombotic therapy on net clinical benefit, according to the 

categories of BMI and bodyweight. Data are expressed as hazard rations with 95%CrI. *-

Shrinkage HR estimates  were calculated using Bayesian random effects meta-analysis method, 

95%CrI-highest posterior density credible intervals.   
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Central Illustration: Rivaroxaban plus aspirin in overweight and obesity. Consistent main 

clinical effects of dual antithrombotic therapy in patients stratified according to BMI and body 

weight 
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Table 1: Baseline characteristics of the participants analysed by BMI categories 

 Overall 
Normal BMI 

18.5 ≤ BMI < 25 

Overweight 

25≤ BMI < 30 

Obese 

BMI ≥ 30 
P value* 

# Randomized 27207 6459 12047 8701  

Age (year) 68.24± 7.93 /  

69.00 (65.0, 73.0) 

69.18± 8.14 / 

69.00 (65.0, 75.0) 

68.63± 7.78 / 

69.00 (65.0, 74.0) 

67.00± 7.84 / 

68.00 (63.0, 72.0) 

<0.001 

Sex -no.(%)      

 Female 5963 (21.92) 1533 (23.73) 2260 (18.76) 2170 (24.94) <0.001 

 Male 21244 (78.08) 4926 (76.27) 9787 (81.24) 6531 (75.06)  

Race -no.(%)      

 White/Caucasian 16984 (62.43) 3030 (46.91) 7749 (64.32) 6205 (71.31) <0.001 

 Black/Afr American 256 (0.94) 42 (0.65) 81 (0.67) 133 (1.53)  

 Asian 4177 (15.35) 2166 (33.53) 1627 (13.51) 384 (4.41)  

 Other 5790 (21.28) 1221 (18.90) 2590 (21.50) 1979 (22.74)  

Body weight (kg) 81.06±16.09 / 

80.00 (70.0, 90.5) 

64.74± 8.82 / 

65.00 (58.5, 70.8) 

78.89± 9.40 / 

79.00 (72.5, 85.0) 

96.18±14.02 / 

95.00 (87.0,104.0) 

<0.001 

 Weight≤ 70 -no.(%) 7148 (26.27) 4755 (73.62) 2254 (18.71) 139 (1.60) <0.001 

 70 < Weight ≤ 90  13140 (48.30) 1699 (26.30) 8471 (70.32) 2970 (34.13)  

 Weight > 90 -n(%) 6919 (25.43) 5 (0.08) 1322 (10.97) 5592 (64.27)  

Height (m) † 1.69± 0.09 /  

1.70 (1.6,  1.8) 

1.67± 0.09 /   

1.68 (1.6,  1.7) 

1.69± 0.09 / 

1.70 (1.6,  1.8)  

1.69± 0.09 / 

1.70 (1.6,  1.8) 

<0.001 

Hip circumference (cm)  103.2±10.51 / 

102.0 (96.5,109.0) 

94.34± 6.95 / 

95.00 (90.0, 99.0) 

101.5± 7.05 / 

101.6 (98.0,106.0) 

112.0±10.05 / 

111.0 (106.0,117.0) 

<0.001 

Waist circumference (cm)  101.0±12.51 / 

100.0 (93.0,109.0) 

88.83± 8.27 / 

89.00 (83.8, 94.0) 

99.32± 7.92 / 

100.0 (94.0,104.1) 

112.2±10.60 / 

111.0 (105.0,118.0) 

<0.001 

Waist/hip ratio 0.98± 0.08 / 

0.98 (0.9,  1.0) 

0.94± 0.08 / 

0.94 (0.9,  1.0) 

0.98± 0.07 / 

0.98 (0.9,  1.0) 

1.00± 0.08 / 

1.01 (1.0,  1.1) 

<0.001 

eGFR 73.79±17.94 / 

75.00 (61.3, 88.1) 

75.41±18.00 / 

77.40 (62.6, 89.3) 

73.50±17.51 / 

74.70 (61.4, 87.5) 

72.97±18.39 / 

74.10 (60.2, 87.7) 

<0.001 

Systolic BP 135.6±17.54 / 

134.5 (123.0,146.5) 

133.6±18.14 / 

132.0 (120.5,145.0) 

135.8±17.42 / 

135.0 (124.0,146.5) 

136.6±17.12 / 

135.5 (125.0,147.5) 

<0.001 

Diastolic BP 77.56± 9.97 / 

78.00 (70.0, 84.0) 

76.24±10.09 / 

76.50 (69.5, 82.5) 

77.65± 9.87 / 

78.00 (70.5, 84.0) 

78.43± 9.92 / 

79.00 (71.0, 85.0) 

<0.001 

Total cholesterol 4.20± 1.07 / 

4.03 (3.5,  4.8) 

4.21± 1.04 / 

4.10 (3.5,  4.8) 

4.17± 1.06 / 

4.00 (3.4,  4.7) 

4.22± 1.10 / 

4.03 (3.5,  4.8) 

0.0112 

Medical history -no.(%)      

 MI 16932 (62.23) 3763 (58.26) 7656 (63.55) 5513 (63.36) <0.001 

 Angina 12532 (46.06) 2981 (46.15) 5478 (45.47) 4073 (46.81) .1594 

 Diabetes 10282 (37.79) 2049 (31.72) 4092 (33.97) 4141 (47.59) <0.001 

 Heart failure 5865 (21.56) 1205 (18.66) 2431 (20.18) 2229 (25.62) <0.001 

 Hypertension 20515 (75.40) 4406 (68.21) 8961 (74.38) 7148 (82.15) <0.001 

 Stroke 1021 (3.75) 263 (4.07) 431 (3.58) 327 (3.76) 0.2412 

 Cancer 1711 (6.29) 405 (6.27) 770 (6.39) 536 (6.16) 0.7929 

Current smoking -no. (%) 5806 (21.34) 1572 (24.34) 2476 (20.55) 1758 (20.20) <0.001 

PAD-no. (%) 7390 (27.16) 1826 (28.27) 3094 (25.68) 2470 (28.39) <0.001 

Medication use -no. (%)      

PPI trial 17463 (64.19) 4131 (63.96) 7739 (64.24) 5593 (64.28) .9068 

PPI non-study 9746 (35.82) 2331 (36.09) 4302 (35.71) 3113 (35.78) .8721 

ASA 23686 (87.06) 5464 (84.60) 10555 (87.62) 7667 (88.12) <0.001 

Other antiplatelet 2277 (8.37) 667 (10.33) 923 (7.66) 687 (7.90) <0.001 

ACE inhibitor/ARB 19420 (71.38) 4032 (62.42) 8630 (71.64) 6758 (77.67) <0.001 

NSAID 1463 (5.38) 278 (4.30) 617 (5.12) 568 (6.53) <0.001 

Beta-blocker 19099 (70.20) 3983 (61.67) 8482 (70.41) 6634 (76.24) <0.001 

Diuretic 8102 (29.78) 1348 (20.87) 3339 (27.72) 3415 (39.25) <0.001 

Lipid lowering agents 24462 (89.91) 5641 (87.34) 10956 (90.94) 7865 (90.39) <0.001 

Calcium channel blockers 7231 (26.58) 1623 (25.13) 3078 (25.55) 2530 (29.08) <0.001 

Hypoglycaemic agents 8506 (31.26) 1624 (25.14) 3373 (28.00) 3509 (40.33) <0.001 
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Plus-minus values are mean ±SD / median (Q1,Q3). * - p value for testing the differences among the three BMI 

groups. For normal variables used ANOVA and for non-normal variables used Kruskal Wallis test, for categorical 

variables used Chi-square test, to test the null hypothesis of no difference;  

166 subjects have BMI <18.5 and for 22 subject BMI =.; 

PAD – peripheral artery disease; NSAID – non -steroidal anti-inflammatory drugs ARB – angiotensin receptor 

blockers ACE – angiotensin converting enzyme; PPI – proton pump inhibitors 

  



25 / 27 

Table 2: Baseline characteristics of the participants analysed by different body weight categories 

 Overall Weight≤ 70kg 
70kg < Weight ≤ 

90kg 
Weight > 90kg P value* 

# Randomized 27376 7315 13140 6921  

Age (year) 68.24± 7.93 / 

69.00 (65.0, 73.0) 

69.49± 8.05 / 

70.00 (65.0, 75.0) 

68.48± 7.83 / 

69.00 (65.0, 74.0) 

66.48± 7.69 / 

67.00 (63.0, 71.0) 

<0.001 

Sex -no.(%)      

 Female 6012 (21.96) 2969 (40.59) 2316 (17.63) 727 (10.50) <0.001 

 Male 21364 (78.04) 4346 (59.41) 10824 (82.37) 6194 (89.50)  

Race -no.(%)      

 White/Caucasian 17023 (62.18) 2633 (35.99) 8833 (67.22) 5557 (80.29) <0.001 

 Black/ Afr American 260 (0.95) 44 (0.60) 106 (0.81) 110 (1.59)  

 Asian 4267 (15.59) 2725 (37.25) 1385 (10.54) 157 (2.27)  

 Other 5826 (21.28) 1913 (26.15) 2816 (21.43) 1097 (15.85)  

BMI 28.34± 4.72 / 

27.78 (25.1, 31.0) 

23.98± 2.74 / 

23.92 (22.2, 25.7) 

28.05± 2.85 / 

27.74 (26.0, 29.7) 

33.48± 4.24 / 

32.75 (30.6, 35.6) 

<0.001 

Height (m) 1.69± 0.09 / 

1.69 (1.6, 1.8) 

1.61± 0.08 / 

1.61 (1.6, 1.7) 

1.69± 0.08 / 

1.70 (1.7, 1.8) 

1.75± 0.08 / 

1.75 (1.7, 1.8) 

<0.001 

Hip circumference (cm) 103.1±10.59 / 

102.0 (96.5,109.0) 

94.59± 7.57 / 

95.00 (90.0, 99.0) 

102.7± 7.54 /  

102.0 (98.0,107.0) 

112.8±10.19 / 

111.8 (106.0,118.0) 

<0.001 

Waist circumference (cm) 100.8±12.64 / 

100.0 (93.0,109.0) 

88.87± 8.78 / 

89.00 (83.8, 95.0) 
100.5± 7.94 / 

100.0 (95.0,106.0) 
114.0±10.28 / 

113.0 (107.0,120.0) 

<0.001 

Waist/hip ratio 0.98± 0.08 / 

0.98 (0.9, 1.0) 

0.94± 0.09 / 

0.94 (0.9, 1.0) 

0.98± 0.07 /  

0.98 (0.9, 1.0) 

1.01± 0.07 / 

1.02 (1.0, 1.1) 

<0.001 

eGFR 73.79±17.95 / 

75.05 (61.3, 88.1) 

74.05±18.53 / 

75.55 (60.5, 89.1) 

73.42±17.66 / 

74.80 (61.3, 87.5) 

74.22±17.84 / 

75.35 (61.8, 88.3) 

.0014 

Systolic BP 135.5±17.56 / 

134.5 (123.0,146.5) 

133.7±18.46 / 

132.0 (120.5,145.0) 

135.8±17.27 / 

135.0 (124.0,146.5) 

136.9±16.97 / 

136.0 (125.0,147.5) 

<0.001 

Diastolic BP 77.55± 9.98 / 

78.00 (70.0, 84.0) 

76.12±10.24 / 

76.00 (69.5, 82.5) 

77.58± 9.82 / 

78.00 (70.5, 83.5) 

79.01± 9.76 / 

80.00 (72.0, 85.0) 

<0.001 

Total cholesterol 4.20± 1.07 /  

4.03 (3.5, 4.8) 

4.31± 1.09 / 

4.19 (3.6, 4.9) 

4.18± 1.06 / 

4.00 (3.4, 4.7) 

4.11± 1.06 / 

3.93 (3.4,4.6) 

<0.001 

Medical history -no.(%)      

 MI 17018 (62.16) 4150 (56.73) 8378 (63.76) 4490 (64.88) <0.001 

 Angina 12585 (45.97) 3350 (45.80) 6002 (45.68) 3233 (46.71) .3535 

 Diabetes 10329 (37.73) 2532 (34.61) 4625 (35.20) 3172 (45.83) <0.001 

 Heart failure 5897 (21.54) 1448 (19.79) 2790 (21.23) 1659 (23.97) <0.001 

 Hypertension 20618 (75.31) 5336 (72.95) 9787 (74.48) 5495 (79.40) <0.001 

 Stroke 1030 (3.76) 314 (4.29) 488 (3.71) 228 (3.29) .0069 

 Cancer 1722 (6.29) 382 (5.22) 836 (6.36) 504 (7.28) <0.001 

      

Current smoking -no.(%) 5863 (21.42) 1608 (21.98) 2782 (21.17) 1473 (21.28) .3808 

PAD-no. (%) 7457 (27.24) 2177 (29.76) 3449 (26.25) 1831 (26.46) <0.001 

Medication use -no. (%)      

PPI trial 17583 (64.23) 4648 (63.54) 8436 (64.20) 4499 (65.01) .1895 

PPI non-study 9793 (35.77) 2666 (36.45) 4700 (35.77) 2427 (35.07) .2298 

ASA 23814 (86.99) 6066 (82.93) 11549 (87.89) 6199 (89.57) <0.001 

Other antiplatelet 2302 (8.41) 823 (11.25) 1007 (7.66) 472 (6.82) <0.001 

ACE inhibitor/ARB 19507 (71.26) 4641 (63.44) 9535 (72.56) 5331 (77.03) <0.001 

NSAID 1470 (5.37) 359 (4.91) 683 (5.20) 428 (6.18) .0016 

Beta-blocker 19174 (70.04) 4486 (61.33) 9399 (71.53) 5289 (76.42) <0.001 

Diuretic 8133 (29.71) 1764 (24.11) 3764 (28.65) 2605 (37.64) <0.001 

Lipid lowering agents 24587 (89.81) 6300 (86.12) 11930 (90.79) 6357 (91.85) <0.001 

Calcium channel blockers 7266 (26.54) 1974 (26.99) 3327 (25.32) 1965 (28.39) <0.001 

Hypoglycaemic agents 8544 (31.21) 2039 (27.87) 3809 (28.99) 2696 (38.95) <0.001 
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Plus-minus values are mean ±SD / median (Q1,Q3). * - p value for testing the differences among the three weight 

categories. For normal variables used ANOVA and for non-normal variables used Kruskal Wallis test, for 

categorical variables used Chi-square test, to test the null hypothesis of  no difference; 19 subjects from overall 

COMPASS cohort showed missing valid measure; PAD – peripheral artery disease; NSAID – non-steroidal anti-

inflammatory drugs ARB – angiotensin receptor blockers ACE – angiotensin converting enzyme; PPI – proton pump 

inhibitors 
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Table 3. Subgroup analyses for rivaroxaban randomization for primary composite 

outcome and major bleeding in subjects in relation to obesity risk categories.  

 

A. Event rates 

 
Rivaroxaban 2.5 mg 

bid plus aspirin 
Rivaroxaban 5 mg bid Aspirin 100 mg od 

Subgroup 
Subgroup 

N 
N(%) 

N/10

0 py 

Subgroup 

N 
N(%) 

N/100 

py 

Subgroup 

N 
N(%) 

N/100 

py 

Primary outcome  .   .   .   

Non-obese (18.5 ≤ BMI < 30) 6191 249 (4.02) 2.132 6210 302 (4.86) 2.585 6105 308 (5.05) 2.674 

Class 1 (30 ≤ BMI < 35) 2122 83 (3.91) 2.012 2117 105 (4.96) 2.615 2169 126 (5.81) 3.081 

Class 2 (35 ≤ BMI < 40) 576 24 (4.17) 2.215 577 32 (5.55) 2.939 612 40 (6.54) 3.467 

Class 3 (BMI ≥ 40) 174 13 (7.47) 3.803 172 7 (4.07) 2.067 182 15 (8.24) 4.451 

Major bleeding   .   .   .   

Non-obese (18.5 ≤ BMI < 30) 6191 196 (3.17) 1.689 6210 178 (2.87) 1.526 6105 107 (1.75) 0.922 

Class 1 (30 ≤ BMI < 35) 2122 72 (3.39) 1.757 2117 53 (2.50) 1.308 2169 43 (1.98) 1.041 

Class 2 (35 ≤ BMI < 40) 576 15 (2.60) 1.386 577 17 (2.95) 1.556 612 16 (2.61) 1.373 

Class 3 (BMI ≥ 40) 174 4 (2.30) 1.175 172 6 (3.49) 1.812 182 4 (2.20) 1.156 

Net Clinical Benefit  .   .   .   

Non-obese (18.5 ≤ BMI < 30) 6191 288 (4.65) 2.478 6210 339 (5.46) 2.915 6105 339 (5.55) 2.951 

Class 1 (30 ≤ BMI < 35) 2122 95 (4.48) 2.310 2117 120 (5.67) 3.001 2169 133 (6.13) 3.258 

Class 2 (35 ≤ BMI < 40) 576 24 (4.17) 2.215 577 36 (6.24) 3.320 612 40 (6.54) 3.468 

Class 3 (BMI ≥ 40) 174 14 (8.05) 4.106 172 7 (4.07) 2.067 182 15 (8.24) 4.451 

 

B.  Sample HR estimates and Shrinkage estimates 

 Sample estimates Shrinkage estimates 

 

Rivaroxaban 2.5 mg 

bid plus aspirin vs. 

aspirin 

Rivaroxaban 5 mg bid vs. 

aspirin 

Rivaroxaban 2.5 

mg 

bid plus aspirin 

vs. 

aspirin 

Rivaroxaban 5 

mg bid vs. 

aspirin 

Subgroup 
HR 

(95% CI) 

P for 

interaction 

HR 

(95% CI) 

P for 

interaction 
HR*(95% CrI)** HR*(95% CrI)** 

Primary outcome   .  .   

18.5 ≤ BMI < 30 0.80 (0.68 -0.94) 0.5650 0.97 (0.82 -1.13) 0.3589 0.77 (0.66 -0.90) 0.93 (0.81 -1.08) 

30 ≤ BMI < 35 0.65 (0.49 -0.86) . 0.85 (0.65 -1.10) . 0.70 (0.56 -0.87) 0.87 (0.70 -1.06) 

35 ≤ BMI < 40 0.64 (0.39 -1.07) . 0.83 (0.52 -1.33) . 0.71 (0.52 -0.95) 0.87 (0.64 -1.14) 

BMI ≥ 40 0.83 (0.39 -1.75) . 0.45 (0.18 -1.11) . 0.75 (0.53 -1.05) 0.82 (0.51 -1.16) 

Major bleeding    .  .   

18.5 ≤ BMI < 30 1.83 (1.44 -2.31) 0.3865 1.66 (1.31 -2.11) 0.5476 1.74 (1.41 -2.15) 1.56 (1.25 -1.95) 

30 ≤ BMI < 35 1.69 (1.16 -2.46) . 1.25 (0.84 -1.87) . 1.66 (1.24 -2.20) 1.39 (1.00 -1.86) 

35 ≤ BMI < 40 1.00 (0.50 -2.03) . 1.12 (0.57 -2.23) . 1.49 (0.92 -2.18) 1.39 (0.90 -2.00) 

BMI ≥ 40 1.03 (0.26 -4.14) . 1.50 (0.42 -5.36) . 1.57 (0.91 -2.46) 1.45 (0.90 -2.28) 

Net Clinical Benefit   .  .   

18.5 ≤ BMI < 30 0.84 (0.72 -0.98) 0.5469 0.99 (0.85 -1.15) 0.4113 0.81 (0.70 -0.94) 0.97 (0.84 -1.11) 

30 ≤ BMI < 35 0.70 (0.54 -0.92) . 0.92 (0.72 -1.18) . 0.75 (0.60 -0.92) 0.93 (0.76 -1.12) 

35 ≤ BMI < 40 0.64 (0.39 -1.07) . 0.94 (0.60 -1.48) . 0.75 (0.54 -0.99) 0.93 (0.70 -1.21) 

BMI ≥ 40 0.90 (0.43 -1.86) . 0.45 (0.18 -1.11) . 0.79 (0.56 -1.11) 0.87 (0.55 -1.21) 

Shrinkage estimates - estimated using Bayesian random-effects meta-analysis method; CI- confidence intervals; P for 

interaction: testing interaction between the treatment and the subgroup; *- shrinkage hazard ratio with **- CrI – 

credible intervals;  

 


