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ORIGINAL RESEARCH

Sex-Based Differences in Outcomes 
Following Peripheral Artery Revascularization: 
Insights From VOYAGER PAD
Connie N. Hess , MD, MHS; Iris Baumgartner, MD; Sonia S. Anand , MD; Mark R. Nehler, MD;  
Manesh R. Patel , MD; E. Sebastian Debus , MD, PhD; Michael Szarek, PhD; Warren Capell, MD;  
Eva Muehlhofer , MD; Scott D. Berkowitz , MD; Lloyd P. Haskell, MD; Rupert M. Bauersachs , MD;  
Marc P. Bonaca , MD, MPH; Judith Hsia , MD

BACKGROUND: Despite high female prevalence of peripheral artery disease (PAD), little is known about sex-based outcomes 
after lower extremity revascularization (LER) for symptomatic PAD. The effects of rivaroxaban according to sex following LER 
have not been fully reported.

METHODS AND RESULTS: In VOYAGER PAD (Vascular Outcomes Study of ASA [acetylsalicylic acid] Along with Rivaroxaban in 
Endovascular or Surgical Limb Revascularization for Peripheral Artery Disease), low-dose rivaroxaban versus placebo on a 
background of aspirin reduced the composite primary efficacy outcome of cardiovascular and limb events in patients with 
PAD undergoing LER. Unplanned index limb revascularization was prespecified and prospectively ascertained. The primary 
safety outcome was Thrombolysis in Myocardial Infarction major bleeding. Analyses of outcomes and treatment effects by 
sex were performed using Cox proportional hazards models. Among 6564 randomly assigned patients followed for a median 
of 28 months, 1704 (26.0%) were women. Among patients administered placebo, women were at similar risk for the primary 
efficacy outcome (hazard ratio [HR], 0.90; [95% CI, 0.74–1.09]; P=0.29) as men, while female sex was associated with a trend 
toward higher risk of unplanned index limb revascularization (HR, 1.18; [95% CI, 1.00–1.40]; P=0.0499). Irrespective of sex, 
effects of rivaroxaban were consistent for the primary efficacy outcome (P-interaction=0.22), unplanned index limb revas-
cularization (P-interaction=0.64), and bleeding (P-interaction=0.61). Women were more likely than men to discontinue study 
treatment (HR, 1.13; [95% CI, 1.03–1.25]; P=0.0099).

CONCLUSIONS: Among >1700 women with PAD undergoing LER, women and men were at similar risk for the primary outcome, 
but a trend for greater risk of unplanned index limb revascularization among women was observed. Effects of rivaroxaban 
were consistent by sex, though women more often discontinued treatment. Better understanding of sex-based outcomes and 
treatment adherence following LER is needed.

REGISTRATION: URL: http://clini​caltr​ials.gov; Unique identifier: NCT02504216.
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Peripheral artery disease (PAD) affects more than 
200 million people worldwide and has been as-
sociated with equal or greater morbidity and 

mortality than coronary artery and cerebrovascular 

disease.1–3 Patients with PAD are at heightened risk 
for major adverse cardiovascular events and major ad-
verse limb events.3 However, the dominant morbidity 
in PAD is related to limb outcomes, including need for 
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lower extremity revascularization (LER).4,5 The preva-
lence of PAD increases with age, and women are af-
fected by PAD at least as often as men.6

Understanding sex-based differences in athero-
sclerotic cardiovascular diseases, including PAD, is 
important for optimizing patient outcomes. Studies of 
patients with coronary artery disease and cerebrovas-
cular disease have demonstrated differences in treat-
ments between women and men and suggest that 
ischemic and bleeding outcomes may differ on the 

basis of sex.7–9 In patients with PAD, prior sex-based 
analyses of outcomes after LER have reported mixed 
results.10–12 Therefore, the risk profile and outcomes 
among women undergoing LER for symptomatic PAD 
are not well understood. Beyond outcomes, sex-based 
differences in participation in large cardiovascular tri-
als have also been observed and warrant additional 
investigation.13

VOYAGER PAD (Vascular Outcomes Study of 
ASA [acetylsalicylic acid] Along with Rivaroxaban in 
Endovascular or Surgical Limb Revascularization for 
Peripheral Artery Disease) randomly assigned patients 
with symptomatic PAD undergoing LER to rivaroxaban 
2.5 mg twice daily versus placebo on a background of 
low-dose aspirin and showed significant reductions 
in severe limb and cardiovascular events with rivarox-
aban.14 VOYAGER PAD provides a unique opportunity 
to better understand sex-based differences in patient 
characteristics, clinical outcomes, and trial metrics in a 
study of patients with PAD managed with LER. In ad-
dition, the efficacy and safety of rivaroxaban have not 
been fully reported by sex in this population.

METHODS
Data Source
Data were from VOYAGER PAD (NCT02504216), the 
primary results of which have been previously pub-
lished.14 The data, analytic methods, and study ma-
terials will not be made available to other researchers 
for purposes of reproducing the results. In VOYAGER 
PAD, patients were randomly assigned to rivaroxaban 
2.5 mg twice daily versus placebo after LER for symp-
tomatic PAD and treated with aspirin 100 mg daily. 
Clopidogrel was allowed for up to 6 months per the in-
vestigator’s discretion. The trial protocol was designed 
and overseen by Colorado Prevention Center Clinical 
Research (an academic research organization affiliated 
with the University of Colorado), the academic execu-
tive committee, and the sponsors, Bayer and Janssen 
Pharmaceuticals. Colorado Prevention Center Clinical 
Research holds the clinical database and independently 
performed all analyses for this publication. VOYAGER 
PAD was conducted in accordance with the principles 
of the Declaration of Helsinki; all patients provided writ-
ten, informed consent, and institutional review boards 
at participating institutions approved the protocols.

Study Population
Eligible patients were ≥50 years old, had an abnormal 
ankle-brachial index or toe-brachial index and imag-
ing evidence of PAD distal to the external iliac artery, 
and underwent successful infrainguinal LER for clau-
dication or critical limb ischemia via an endovascular 

CLINICAL PERSPECTIVE

What Is New?
•	 Among patients with peripheral artery disease, 

women present with more severe disease, are 
more often treated with endovascular than sur-
gical lower extremity revascularization, and may 
have greater risk for repeat unplanned index 
limb revascularization than men.

•	 The efficacy and safety of rivaroxaban compared 
with placebo on top of aspirin are consistent in 
women and men, though women discontinue 
treatment more often and for reasons unrelated to 
bleeding.

What Are the Clinical Implications?
•	 Greater awareness among providers of risk for 

peripheral artery disease and events after periph-
eral revascularization among women is important.

•	 More intensive antithrombotic therapy with 
low-dose rivaroxaban and aspirin after lower 
extremity revascularization for symptomatic pe-
ripheral artery disease can be considered to re-
duce postprocedure ischemic events in women 
at low risk for bleeding.

•	 Further investigation into the potential of re-
duced procedural patency and greater treat-
ment discontinuation in women with peripheral 
artery disease after lower extremity revasculari-
zation is warranted.

Nonstandard Abbreviations and Acronyms

LER	 lower extremity revascularization
UILR	 unplanned index limb 

revascularization
VOYAGER PAD	 Vascular Outcomes Study of 

ASA (acetylsalicylic acid) Along 
with Rivaroxaban in Endovascular 
or Surgical Limb Revascularization 
for Peripheral Artery Disease

D
ow

nloaded from
 http://ahajournals.org by on June 15, 2022



J Am Heart Assoc. 2022;11:e024655. DOI: 10.1161/JAHA.121.024655� 3

Hess et al� Sex-Based Outcomes After PAD Revascularization  

(including hybrid) or surgical approach within the previ-
ous 10 days. Key exclusion criteria included planned 
use of dual antiplatelet therapy for >6 months; a medi-
cal indication for systemic anticoagulation; recent acute 
limb ischemia or acute coronary syndrome; increased 
risk of bleeding; significantly reduced renal function; 
and prior intracranial hemorrhage, stroke, or transient 
ischemic attack.

Outcomes
The primary efficacy outcome for VOYAGER PAD 
was a composite of acute limb ischemia, major am-
putation of vascular etiology, myocardial infarction, 
ischemic stroke, or cardiovascular death. Secondary 
outcomes as specified in the primary manuscript in-
cluded individual components of the primary outcome, 
unplanned index limb revascularization (UILR), which 
was prospectively ascertained, and hospitalization for 
coronary or peripheral event of a thrombotic nature.14 
Additional prespecified categories of vascular events 
recorded in the trial included subsequent peripheral 
revascularizations of both the index and contralateral 
leg and venous thromboembolic events. Nonvascular 
deaths were recorded during follow-up. The primary 
safety outcome was Thrombolysis in Myocardial 
Infarction major bleeding. Secondary safety outcomes 
included bleeding according to International Society of 
Thrombosis and Hemostasis and Bleeding Academic 
Research Consortium scales. An independent clinical 
events committee blinded to treatment assignment 
adjudicated all deaths; potential ischemic cardiac, cer-
ebrovascular, and vascular limb events; and bleeding 
events.

Statistical Analysis
Patient sex was a prespecified subgroup analysis. 
Categorical variables are reported as number (per-
centage), and continuous variables reported as me-
dian (quartile 1–quartile 3). Comparisons of baseline 
characteristics grouped by sex were by Wilcoxon rank-
sum tests for continuous variables and chi-square or 
Fisher’s exact tests for categorical variables.

Associations of sex with outcomes within the pla-
cebo group were examined with Cox regression mod-
els stratified by the index revascularization approach 
(endovascular versus surgical), summarized by hazard 
ratios (HRs) with associated Wald 95% CIs and log-rank 
P values. Unadjusted models were employed given the 
objective of identifying observed sex-based differences 
in outcomes. However, the hazard of UILR was ob-
served to be significantly different between sexes and, 
given sex-based biologic plausibility for differences 
in this outcome, it was further assessed with a Cox 
model adjusted for age, body mass index, hyperten-
sion, hyperlipidemia, diabetes, estimated glomerular 

filtration rate <60 mL/min per 1.73 m2, current smok-
ing, and endovascular versus surgical revasculariza-
tion. Covariates were selected on the basis of clinical 
judgment. A formal backward selection process was 
not used. The treatment effects of rivaroxaban versus 
placebo on time to first events were assessed by Cox 
proportional hazards model, stratified by index revas-
cularization approach, with terms for treatment, sex, 
and their interaction, and summarized by HRs with as-
sociated Wald 95% CIs and P values for the interaction 
terms. Analyses of ischemic outcomes were primarily 
performed according to the intention-to-treat principle, 
including all patients and events from randomization to 
the study efficacy cutoff date. Ischemic outcomes, as 
well as bleeding, were additionally evaluated using pre-
specified on-treatment analyses including all patients 
and events from randomization until 2 days following 
permanent discontinuation of the study drug accord-
ing to actual treatment received. Additional analyses 
included intention-to-treat of total vascular events in-
cluding total occurrences of the primary composite 
plus any subsequent peripheral revascularization and 
venous thromboembolic events. Total events were an-
alyzed by a marginal proportional hazards model that 
allows for the possibility of multiple vascular events 
within a given participant while treating nonvascular 
death as a competing terminal event. A robust sand-
wich variance estimate for the estimated standard 
error of the log HR was used to account for the de-
pendence of event times within individual patients. P 
values <0.05, 2-tailed, were considered statistically 
significant, with no adjustment for multiple testing. 
Analyses were performed in SAS 9.4 and S+ 8.2.

RESULTS
Baseline Patient Characteristics
Among 6564 patients randomized in VOYAGER PAD 
and followed for a median of 28 months (interquartile 
range, 22–34), 26.0% (n=1704) were women. Baseline 
characteristics according to sex are shown in Table 1. 
Compared with men, women had a greater prevalence 
of risk factors, including older age, hypertension, hy-
perlipidemia, and renal insufficiency; in contrast, men 
had more prevalent diagnosed coronary artery disease 
and were more often current smokers. Baseline use of 
clopidogrel was greater among women than men.

Compared with men, women presented with more 
severe PAD (Rutherford 4–6, 26.0% versus 22.8%; 
P=0.0105) and more often underwent LER for criti-
cal limb ischemia. Women were more frequently 
treated with endovascular LER (73.7% versus 64.3%; 
P<0.0001) than men. Among patients treated with 
endovascular LER, use of atherectomy was more 
common in women than men, and in both sexes, 
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use of drug-coated devices was similar, and treat-
ment of disease at the level of the popliteal artery or 
above was more common than infrapopliteal disease. 
Patients undergoing surgical LER with bypass had 
predominantly above-knee popliteal targets, irrespec-
tive of sex.

Outcomes in Women Versus Men 
Assigned to Placebo
Outcomes were examined according to sex in the pla-
cebo group. Women and men were at similar risk for 
the primary composite outcome (17.9% versus 20.6% 
at 3 years; HR, 0.90; [95% CI, 0.74–1.09]; P=0.29; 
Figure  1A), regardless of the indication for revascu-
larization (claudication versus critical limb ischemia, 
P-interaction=0.8661). Similar risk in the overall pop-
ulation according to sex was also observed for pre-
specified secondary outcomes, including individual 
components of the primary outcome, hospitalization 
for thrombotic events, all-cause mortality, and venous 
thromboembolism (Table S1). In contrast, female sex 
was associated with a trend for higher risk of UILR 
during follow-up than male sex (25.3% versus 21.5% 
at 3 years; HR, 1.18; [95% CI, 1.00–1.40]; P=0.0499; 
Figure 1B). Even after adjustment for key comorbidi-
ties, this association persisted (adjusted HR, 1.23; 
[95% CI, 1.04–1.46]; P=0.0179). This relationship, 
which was also observed among patients randomly 
assigned to rivaroxaban (Figure  S1), was not modi-
fied by initial index revascularization approach (P-
interaction=0.98), with women administered placebo 
at similarly elevated risk for UILR for endovascular 
(HR, 1.18; [95% CI, 0.98–1.43]) and surgical (HR, 1.19; 
[95% CI, 0.83–1.70]) procedures in the intention-to-
treat analysis of events. In contrast, a trend for greater 
relative risk of UILR in women versus men assigned to 
placebo was observed for patients undergoing revas-
cularization for claudication (HR, 1.26; [95% CI, 1.04–
1.53]) but not critical limb ischemia (HR, 0.94; [95% CI, 
0.67–1.32]; P-interaction=0.14).

Table 1.  Baseline Characteristics According to Sex

Characteristic
Female 
(N=1704)

Male 
(N=4860) P value

Age, y 69 (63–76) 66 (60–72) <0.0001

Body mass index, kg/m2 25.8 
(22.9–29.3)

26.0 
(23.5–29.0)

0.0524

White race 1366 (80.2) 3937 (81.0) 0.45

Geographic region <0.0001

North America 229 (13.4) 465 (9.6)

Western Europe 461 (27.1) 1365 (28.1)

Eastern Europe 610 (35.8) 1989 (40.9)

Asia Pacific 235 (13.8) 726 (14.9)

Latin America 169 (9.9) 315 (6.5)

Risk factors and comorbidities

Current smoker 447 (26.2) 1832 (37.7) <0.0001

Hypertension 1470 (86.3) 3872 (79.7) <0.0001

Hyperlipidemia 1072 (62.9) 2867 (59.0) 0.0045

Coronary artery 
disease

462 (27.1) 1605 (33.0) <0.0001

Heart failure 124 (7.3) 415 (8.5) 0.11

Carotid artery disease 152 (8.9) 423 (8.7) 0.80

Diabetes 711 (41.7) 1918 (39.5) 0.10

eGFR <60 mL/min per 
1.73 m2

502 (29.5) 825 (17.0) <0.0001

PAD history

Index ankle-brachial 
index ≤0.50

681 (40.0) 1971 (40.6) 0.69

Prior revascularization 594 (34.9) 1742 (35.8) 0.48

Prior amputation 89 (5.2) 301 (6.2) 0.15

Qualifying revascularization

Revascularization 
approach

<0.0001

Endovascular 1256 (73.7) 3123 (64.3)

Surgical 448 (26.3) 1737 (35.7)

Indication for 
revascularization

0.0057

Claudication 1264 (74.2) 3767 (77.5)

Critical limb 
ischemia

440 (25.8) 1093 (22.5)

Location 
(endovascular)*

0.19

Popliteal or above 1261 (89.3) 3322 (90.6)

Infra-popliteal 139 (9.8) 305 (8.3)

Other 12 (0.8) 39 (1.1)

Location (surgical 
bypass)†

0.61

Above-knee 
popliteal

180 (61.6) 736 (61.6)

Below-knee 
popliteal

88 (30.1) 339 (28.4)

Tibial/Pedal 24 (8.2) 119 (10.0)

Long (≥15 cm) target 
lesion length

558 (32.7) 1694 (34.9) 0.12

 (Continued)

Characteristic
Female 
(N=1704)

Male 
(N=4860) P value

Atherectomy* 114 (9.1) 197 (6.3) 0.0017

Drug-coated device* 385 (30.6) 973 (31.2) 0.77

Medications

Statin 1362 (79.9) 3887 (80.0) 0.97

Clopidogrel 932 (54.7) 2381 (49.0) <0.0001

Numbers in table are n (%) or median (quartile 1–quartile 3). eGFR indicates 
estimated glomerular filtration rate; and PAD, peripheral artery disease.

*Percentages calculated among patients undergoing endovascular 
revascularization.

†Percentages calculated among patients undergoing surgical 
revascularization.

Table 1.  Continued
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Effects of Rivaroxaban in Women Versus Men

The efficacy and safety of rivaroxaban versus pla-
cebo were examined according to sex (Figure  2; 

Tables S2 and S3). In the overall population analyzed 
as intention-to-treat, rivaroxaban significantly reduced 
risk of the primary outcome compared with placebo 
(HR, 0.85; [95% CI, 0.76–0.96]; Figure 2). Although the 

Figure 1.  Primary composite outcome and unplanned index limb revascularization in placebo patients.
Shown are Kaplan-Meier curves for the primary outcome (A) and unplanned index limb revascularization (B) by sex among patients 
administered placebo. Hazard ratios (HR) reflect stratification for endovascular or surgical revascularization.
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Female 857 706 514 154
Male 2421 2031 1464 417

30
0

5

10

15

20

25

Male

Female

HR, 1.18 (95% CI, 1.00-1.40)
P=0.0499

K
M

 R
at

e
(%

)

21.5%

25.3%
K

M
 R

at
e

(%
)

30
0

5

10

15

20

25

Male
Female

HR, 0.90 (95% CI, 0.74-1.09)
P=0.29

20.6%

17.9%

21
Years

21
Years

Number at Risk

Primary Outcome Unplanned Index Limb 
Revascularization

A B

Figure 2.  Effects of rivaroxaban compared to placebo for the primary outcome by sex.
Shown are event rates, HR, and 95% CI for the primary composite outcome by sex in intention-to-treat and on-treatment analyses. 
Analyses performed according to the intention-to-treat principle included all patients and events from randomization to the study 
efficacy cutoff date according to randomized treatment assignment. On-treatment analyses included all patients and events from 
randomization until 2 days following permanent discontinuation of the study drug according to actual treatment received. Hazard 
ratios (HR) reflect stratification for endovascular or surgical revascularization. p-y indicates patient-years.
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benefit was consistent among women and men (P-
interaction=0.22), the relative benefit of rivaroxaban on 
the primary outcome was numerically lower for women 
(HR, 0.97; [95% CI, 0.77–1.23]) than for males (HR, 0.82; 
[95% CI, 0.71–0.94]). In VOYAGER PAD, women pre-
maturely discontinued treatment more often than men 
(observed incidences of treatment discontinuation in 
36.1% and 33.6% of women receiving at least 1 dose 
of rivaroxaban and placebo, respectively, versus 32.1% 
and 30.2% of men; across treatment groups, women 
versus men HR, 1.13; [95% CI, 1.03–1.25]; P=0.0099; 
Figure 3). As shown in Table S4, approximately half of 
premature discontinuations were related to adverse 
events among all patients, while patient decision was a 
greater driver of treatment discontinuation for women 
than men (28.1% versus 23.0%; P=0.0174). Given 
greater treatment discontinuation observed among 
women, an on-treatment analysis of the effect of rivar-
oxaban was performed (Figure 2). When analyzed on-
treatment, the point estimate for effect of rivaroxaban 
among women was lower (HR, 0.80; [95% CI, 0.60–
1.06]), with relative benefits of rivaroxaban consistent 
for women and men (HR, 0.74; [95% CI, 0.63–0.87]; 
P-interaction=0.64).

In the overall population, rivaroxaban significantly 
reduced UILR (HR, 0.88; [95% CI, 0.79–0.99]). The 
benefit of rivaroxaban on UILR was similar for women 
and men when analyzed as intention-to-treat (P-
interaction=0.64). In terms of total vascular events, the 
relative benefits of rivaroxaban versus placebo were 
also similar for women (29.7% versus 33.5%; HR, 0.88; 
[95% CI, 0.73–1.06]) and men (26.2% versus 30.5%; 
HR, 0.86; [95% CI, 0.77–0.96]; P-interaction=0.81). 
The numerical excess in the principal safety out-
come of Thrombolysis in Myocardial Infarction major 
bleeding (P-interaction=0.61) and other measures of 

bleeding with rivaroxaban was similar for women and 
men (Table S3).

Enrollment and Medication Adherence 
According to Sex of Site Investigator
In VOYAGER PAD, a total of 6564 patients were rand-
omized at 542 sites in 34 countries. Of 514 sites where 
the sex of the site investigator could be determined ret-
rospectively, 69 (13.4%) were women and 445 (86.6%) 
were men. The percentage of female participants en-
rolled was similar at sites where the site investigator 
was a woman (median, 25.0%; IQR, 14.3%–33.3%) or 
man (median, 25.0%; IQR, 9.1%–38.1%; P=0.89). Total 
participant enrollment, however, was higher at sites 
where the site investigator was a woman (median, 
10 patients; IQR, 7–17) than at sites where the site in-
vestigator was male (median, 8 patients; IQR, 4–14; 
P=0.0230). Additionally, premature treatment discon-
tinuation was lower at sites with female investigators 
than at sites with male investigators (29.4% versus 
32.7%; P=0.0375).

DISCUSSION
This analysis from VOYAGER PAD including more 
than 1700 women is one of the largest trial experi-
ences of women undergoing LER for symptomatic 
PAD. However, only a quarter of the study population 
were women. Compared with men, women had more 
atherosclerotic risk factors, with the exception of less 
current smoking, and they presented with more severe 
PAD and were more often treated with endovascular 
LER and atherectomy. Despite similar risk for the pri-
mary outcome among patients administered placebo, 
there was a trend for greater risk for UILR among 
women than men, even after adjustment for key co-
morbidities and irrespective of revascularization ap-
proach. Treatment effects for rivaroxaban with regard 
to efficacy and safety were overall consistent between 
sexes. However, greater treatment discontinuation was 
observed among women than men, and women more 
often discontinued treatment because of patient de-
cisions. These results are hypothesis generating and 
illustrate the need for efforts to better understand fac-
tors contributing to sex-based differences in outcomes 
after LER and clinical trial participation and treatment 
adherence.

This analysis demonstrates important sex-based 
differences in clinical presentation among patients with 
PAD undergoing LER. Although women had a higher 
risk profile with respect to risk factors for atherosclero-
sis, except for less smoking, women were less likely to 
have documented coronary artery disease than men. 
Despite this, women more commonly presented with 
more advanced PAD. These observations support the 

Figure 3.  Study treatment discontinuation by sex.
Cumulative incidences of premature study treatment 
discontinuation are shown for women and men. HR indicates 
hazard ratio.
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notion that PAD and coronary disease are different 
and may reflect both biological differences as well as 
contributions of patient and provider factors resulting 
in delayed diagnosis of PAD. In addition, prior studies 
have reported that women are more likely than men 
to have atypical leg symptoms or to be asymptom-
atic, though many patients without leg symptoms are 
often found to have unrecognized functional decline.15 
Overall awareness of PAD also remains low, resulting in 
underdiagnosis and undertreatment of disease.

Differences in LER treatment according to sex were 
also observed. Despite similar target lesion length, 
women more often underwent endovascular versus 
surgical LER than men. This may reflect greater pro-
cedural risk related to older age and comorbidities or 
lower likelihood of adequate size of venous conduit or 
target vessel among women and also likely explains 
the more frequent baseline use of clopidogrel among 
women. Within the endovascular subgroup, women 
were more likely to be treated with atherectomy, which 
may be related to greater severity of disease. Overall, 
these findings illustrate how patient risk profiles and 
anatomy may contribute to sex-based differences in 
treatment modality.

Beyond treatment differences, we observed sex-
based variations in postprocedural outcomes, findings 
that are hypothesis generating. Prior studies have re-
ported conflicting results regarding clinical outcomes 
among women and men undergoing LER but have 
been limited by small sample size, single-center data, 
use of administrative data, and lack of adjudicated 
outcomes.10–12 In VOYAGER PAD, a large, interna-
tional population with prospectively collected and ad-
judicated outcomes, risk for the primary composite 
outcome was similar for women and men. However, 
women were at ≈20% greater risk for UILR than men, 
despite greater clopidogrel use, less current smoking, 
which has been associated with reduced patency after 
LER,16 and similar use of drug-coated devices, which 
have been shown to improve patency of endovascular 
LER.17 More severe disease and smaller vessel size in 
women,18 resulting in greater technical difficulty, may 
be contributing factors. Sex-based variation in en-
dothelial responses to vascular stressors have also 
been observed.19 Importantly, evidence for the efficacy 
of LER in PAD has been derived mainly from men, 
with women accounting for approximately one-third 
of participants in randomized LER trials.15 This pau-
city of data on device use in women may partly ex-
plain lower use in women and poorer outcomes when 
used. Furthermore, medical therapies are underused 
in women with atherosclerotic cardiovascular disease; 
even among treated patients, women are less likely 
than men to achieve target levels for blood pressure, 
cholesterol, and hemoglobin A1c.20–22 Increased risk of 
repeat limb revascularization among women may thus 

reflect a combination of biology and bias and highlights 
the need for better understanding of LER techniques 
and devices and optimization of medical therapies. 
Beyond PAD, increasing recognition of the importance 
of sex-based differences in pathophysiology, treat-
ment, and outcomes has led to recent suggestions for 
sex-specific cardiovascular guidelines.23 The observed 
trend in increased relative risk of UILR among women 
versus men after revascularization for claudication but 
not critical limb ischemia may support consideration of 
sex and disease state in risk-benefit assessments of 
LER for PAD and warrants further investigation.

The efficacy and safety of rivaroxaban versus pla-
cebo was overall consistent in both sexes. Attenuation 
of benefit for rivaroxaban was observed among fe-
males in intention-to-treat but not on-treatment analy-
ses, suggesting that this difference could be explained 
by the greater treatment discontinuation observed 
among women. Treatment discontinuation related to 
patient decision was more common among women; 
our analysis suggests that differential treatment dis-
continuation was not related to bleeding complica-
tions, which occurred at similar rates for both sexes 
even when assessed using more sensitive measures 
of bleeding. Lower female medication adherence has 
been observed in other conditions, including hyper-
tension and hyperlipidemia.24,25 Underestimation of 
cardiovascular risk in women by patients and provid-
ers, as previously demonstrated,26,27 may play a role. 
Interestingly, we also observed that treatment adher-
ence was greater at sites with female site investiga-
tors. Increased education regarding the importance 
of medication adherence and better understanding of 
treatment discontinuation among women are needed.

Finally, the modest proportion of female patients in 
VOYAGER PAD is noteworthy. Despite the high bur-
den of PAD in women and the fact that this is one of 
the largest contemporary clinical trial experiences of 
LER for PAD, women comprised only approximately 
one-fourth of randomized patients. Women represent 
on average 46% (ranging from 22% to 81%) of partic-
ipants in clinical trials supporting regulatory approval 
of cardiovascular drugs in the United States; however, 
female participation in trials of atherosclerotic cardio-
vascular disease, including PAD, continues to lag.28 In 
VOYAGER PAD, underrepresentation of female par-
ticipants was unrelated to sex of the site investigator, 
though female site investigators did better with overall 
enrollment than men. The lower participation of women 
in clinical trials in general is likely multifactorial and may 
reflect factors such as lower awareness of clinical tri-
als, risk aversion, lack of economic resources, and a 
greater burden of caring for family members compared 
with men. Increased awareness of the importance of 
trial participation and creative solutions, such as flexi-
ble hours for study visits, remote or home-based visits, 
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and help with childcare and transportation, may help 
to improve participation of women in clinical trials.

Limitations of this analysis should be noted. The 
choice of medical and device-based therapies was 
based on physician’s discretion. Operator practice 
patterns and patient characteristics of subjects partic-
ipating in VOYAGER PAD may be different than those 
in nonclinical trial settings, potentially limiting the gen-
eralizability of these results. VOYAGER PAD was not 
powered to show sex-specific differences, and ran-
domization was not stratified by sex.

CONCLUSIONS
In this analysis of >1700 women undergoing LER for 
symptomatic PAD in VOYAGER PAD, women made 
up approximately one-fourth of the study population. 
Differences in clinical presentation, procedural treat-
ments, and outcomes were observed between sexes. 
In particular, compared with men, female sex was as-
sociated with a trend toward higher risk for UILR during 
follow-up, even after adjustment for key comorbidities, 
though this finding should be considered hypothesis 
generating. The effects of rivaroxaban were consist-
ent in both sexes, though women prematurely discon-
tinued treatment more frequently. Further research to 
better understand sex-based differences in outcomes 
after LER, including lower procedural patency, and 
medication adherence is needed.
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Table S1. Outcomes According to Sex in Patients Randomized to Placebo. 

 

 Events per 100 patient-years  

Endpoint Female 

(N= 857) 

Male 

(N=2421) 

Unadjusted HR 

(95% CI) 

Primary outcome: Acute Limb Ischemia, Major 

Amputation for Vascular Causes, Non-fatal 

Myocardial Infarction, Non-fatal Ischemic 

Stroke, or Cardiovascular Death 

7.2 8.3 0.90 (0.74-1.09) 

Acute Limb Ischemia 2.8 3.1 1.01 (0.75-1.37) 

Major Amputation for Vascular Causes 1.6 1.4 1.22 (0.81-1.84) 

Non-fatal Myocardial Infarction 1.9 1.9 0.96 (0.67-1.39) 

Non-fatal Ischemic Stroke 0.9 1.1 0.80 (0.47-1.34) 

Cardiovascular Death 2.2 2.2 1.06 (0.76-1.49) 

Acute Limb Ischemia, Major Amputation for 

Vascular Causes, Non-fatal Myocardial 

Infarction, Non-fatal Ischemic Stroke, or 

Coronary Heart Disease Death 

6.7 7.4 0.95 (0.78-1.16) 

Unplanned Index Limb Revascularization 11.0 9.1 1.18 (1.00-1.40) 

Hospitalization for Thrombotic Coronary or 

Peripheral Event 

4.9 4.8 1.06 (0.84-1.34) 

Acute Limb Ischemia, Major Amputation for 

Vascular Causes, Non-fatal Myocardial 

Infarction, Non-fatal Ischemic Stroke, or All-

Cause Death 

8.2 9.7 0.87 (0.73-1.04) 

Acute Limb Ischemia, Major Amputation for 

Vascular Causes, Non-fatal Myocardial 

Infarction, Non-fatal Ischemic or Hemorrhagic 

Stroke, or Cardiovascular Death 

7.2 8.4 0.90 (0.75-1.09) 

All-Cause Death 3.3 3.8 0.91 (0.70-1.19) 

Venous Thromboembolism 0.4 0.6 0.70 (0.32-1.53) 
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Table S2. Efficacy of Rivaroxaban Compared with Placebo by Sex. 

 Events per 100 patient-years   

Endpoint Rivaroxaban 

(N=3256) 

Placebo 

(N=3248) 

HR (95% CI) Pinteraction 

Acute Limb Ischemia, Major 

Amputation for Vascular Causes, Non-

fatal Myocardial Infarction, Non-fatal 

Ischemic Stroke, or Cardiovascular 

Death 

   0.22 

Female 7.0 7.2 0.97 (0.77-1.23)  

Male 6.8 8.3 0.82 (071-0.94)  

Acute Limb Ischemia    0.76 

Female 2.0 2.8 0.71 (0.48-1.07)  

Male 2.0 3.1 0.66 (0.52-0.84)  

Major Amputation for Vascular 

Causes 

   0.71 

Female 1.3 1.6 0.83 (0.49-1.38)  

Male 1.3 1.4 0.93 (0.68-1.26)  

Non-fatal Myocardial Infarction    0.71 

Female 1.5 1.9 0.82 (0.51-1.31)  

Male 1.7 1.9 0.91 (0.69-1.19)  

Non-fatal Ischemic Stroke    0.17 

Female 1.1 0.9 1.26 (0.68-2.36)  

Male 0.9 1.1 0.76 (0.52-1.10)  

Cardiovascular Death    0.34 

Female 2.9 2.2 1.35 (0.92-1.98)  

Male 2.3 2.2 1.08 (0.85-1.37)  

Acute Limb Ischemia, Major 

Amputation for Vascular Causes, Non-

fatal Myocardial Infarction, Non-fatal 

Ischemic Stroke, or Coronary Heart 

Disease Death 

   0.54 

Female 5.8 6.7 0.86 (0.67-1.11)  

Male 5.8 7.4 0.79 (0.68-0.91)  

Unplanned Index Limb 

Revascularization 

   0.64 

Female 10.1 11.0 0.92 (0.75-1.13)  

D
ow

nloaded from
 http://ahajournals.org by on June 15, 2022



Male 7.8 9.1 0.87 (0.76-0.99)  

Hospitalization for Thrombotic 

Coronary or Peripheral Event 

   0.84 

Female 3.4 4.9 0.71 (0.52-0.96)  

Male 3.5 4.8 0.73 (0.61-0.88)  

Acute Limb Ischemia, Major 

Amputation for Vascular Causes, Non-

fatal Myocardial Infarction, Non-fatal 

Ischemic Stroke, or All-Cause Death 

   0.21 

Female 8.2 8.2 1.00 (0.80-1.25)  

Male 8.2 9.7 0.85 (0.75-0.97)  

Acute Limb Ischemia, Major 

Amputation for Vascular Causes, Non-

fatal Myocardial Infarction, Ischemic 

Stroke, or Cardiovascular Death 

   0.20 

Female 7.1 7.2 0.98 (0.77-1.24)  

Male 6.8 8.4 0.82 (0.72-0.94)  

All-Cause Death    0.24 

Female 4.2 3.3 1.28 (0.93-1.74)  

Male 3.9 3.8 1.02 (0.85-1.23)  

Venous Thromboembolism    0.23 

Female 0.4 0.4 1.02 (0.38-2.72)  

Male 0.3 0.6 0.51 (0.28-0.92)  
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Table S3. Safety of Rivaroxaban Compared with Placebo by Sex. 

 

 Events per 100 patient-years   

Endpoint Rivaroxaban 

(N=3256) 

Placebo 

(N=3248) 

HR (95% CI) Pinteraction 

TIMI major bleeding    0.61 

Female 0.9 0.5 1.73 (0.76-3.95)  

Male 1.0 0.7 1.35 (0.87-2.09)  

Intracranial hemorrhage    0.69 

Female 0.2 0.2 1.04 (0.21-5.14)  

Male 0.2 0.3 0.72 (0.32-1.61)  

Fatal bleeding    n/a 

Female 0 0 n/a  

Male 0.1 0.1 1.01 (0.33-3.14)  

Intracranial or fatal bleeding    0.85 

Female 0.2 0.2 1.04 (0.21-5.15)  

Male 0.3 0.3 0.88 (0.43-1.80)  

ISTH major bleeding    0.88 

Female 2.3 1.7 1.38 (0.84-2.25)  

Male 2.1 1.5 1.44 (1.07-1.95)  

BARC major bleeding    0.77 

Female 1.4 1.0 1.41 (0.75-2.63)  

Male 1.4 1.1 1.26 (0.89-1.79)  

BARC, Bleeding Academic Research Consortium; ISTH, International Society of Thrombosis and 

Haemostasis; TIMI, Thrombolysis in Myocardial Infarction 
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Table S4. Reasons for Premature Discontinuation of Study Treatment.   

 

Reason for Premature Discontinuation Female 

(N=588) 

Male 

(N=1,503) 

Due to adverse event 294 (50.0) 788 (52.4) 

Patient decision 165 (28.1) 346 (23.0) 

Physician decision 15 (2.6) 35 (2.3) 

Protocol criteria 54 (9.2) 172 (11.4) 

Administrative 39 (6.6) 105 (7.0) 

Other 21 (3.6) 57 (3.8) 

 Numbers in table are n (%) 
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Figure S1. Unplanned Index Limb Revascularization in Rivaroxaban Patients.  Shown are 

Kaplan-Meier curves for the UILR by sex among patients assigned to rivaroxaban.  The hazard 

ratio (HR) reflects stratification for endovascular or surgical revascularization. CI, confidence 

interval. 
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