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Abstract: Peripheral arterial disease (PAD) is an increasingly recognized disorder that is 

associated with functional impairment, quality-of-life deterioration, increased risk of cardio-

vascular ischemic events, and increased risk of total and cardiovascular mortality. Although 

earlier studies suggested that PAD was more common in men, recent reports based on more 

sensitive tests have shown that the prevalence of PAD in women is at least the same as in men, 

if not higher. PAD tends to present itself asymptomatically or with atypical symptoms more 

frequently in women than in men, and is associated with comorbidities or situations particularly 

or exclusively found in the female sex, such as osteoporosis, hypothyroidism, the use of oral 

contraceptives, and a history of complications during pregnancy. Fat-distribution patterns and 

differential vascular characteristics in women may influence the interpretation of diagnostic 

methods, whereas sex-related vulnerability to drugs typically used in subjects with PAD, dif-

ferences in risk-factor distribution among sexes, and distinct responses to revascularization 

procedures in men and women must be taken into account for proper disease management. All 

these issues pose important challenges associated with PAD in women. Of note, this group has 

classically been underrepresented in research studies. As a consequence, several sex-related 

challenges regarding diagnosis and management issues should be acknowledged, and research 

gaps should be addressed in order to successfully deal with this major health issue.
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Introduction
Peripheral arterial disease (PAD) is an increasingly recognized disorder that is associ-

ated with functional impairment, quality-of-life deterioration, increased risk of cardio-

vascular ischemic events, and increased risk of total and cardiovascular mortality.1–3 

The major risk factors for PAD are diabetes mellitus, cigarette smoking, advanced age, 

dyslipidemia, and hypertension.2,4 Patients with PAD are less likely to receive proper 

treatment for these atherosclerotic risk factors than those who have been diagnosed 

with coronary artery disease (CAD).2,5

Although earlier studies suggested that PAD was more common in men, recent 

reports based on more sensitive tests have shown that the prevalence of PAD in women 

is at least the same as in men, if not higher. Given that PAD is related to age, that 

the worldwide population is aging, and that women account for the majority of the 

elderly, it is expected that PAD among women will be of increasing concern in the 

near future.6 However, several challenges regarding diagnosis and management should 

be acknowledged, and research gaps should be addressed in order to successfully deal 

with this major health issue.
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While the term “PAD” refers to a wide range of noncoronary 

syndromes, the scope of this review focuses on the lower-limb 

arteries, below the bifurcation of the abdominal aorta.

Epidemiology of PAD in women
Prevalence
Traditionally, PAD has been reported to be more prevalent 

in men than in women.6,7 However, studies that support this 

affirmation were based on the presence of symptoms to diag-

nose PAD.6 In more recent studies, it has been noticed that 

PAD is asymptomatic or presents with atypical symptoms in 

up to 90% of subjects,2 and that the use of a more sensitive 

noninvasive test, such as the ankle-brachial index (ABI), 

allows for an approximately fivefold increase in the detection 

of cases detected by a history of intermittent claudication.6 In 

contrast with the earlier understanding, the aforementioned 

studies report a prevalence of PAD among women between 

3% and 29%,6 at least the same as in men, or even higher 

in some of them. A recent review of population-based stud-

ies showed that the mean prevalence of PAD was 15.6% in 

women and 13.4% in men.8

Given that the overall prevalence of PAD increases with 

age, that the worldwide population is aging, and that it is 

estimated that women will account for the majority of those 

65 years or older in coming years, an even higher prevalence 

of PAD among women is expected in the next few decades, 

which will probably surpass male predominance.6 Therefore, 

the need for proper diagnosis and management of PAD in 

women is pressing.

Comorbidities
In primary care, the practicing physician should be aware of 

concomitant conditions that may either increase or preclude 

the suspicion of PAD, particularly in women (Table 1). For 

instance, coexistence of PAD with coronary and carotid 

artery disease has been typically described.9,10 However, this 

association is less frequent in women than in men.9,11 As a 

consequence, women are less likely to be screened and/or 

treated for PAD on the basis of the presence of coronary or 

cerebrovascular disease.

Smolderen et al12 reported that women recently diagnosed 

with PAD had fourfold-greater odds for baseline depression 

than men. This condition may not only influence treatment 

outcomes but may also preclude seeking medical help, delay-

ing or avoiding proper diagnosis, and should alert the treating 

physician to screen for PAD.

Heidrich and Hermann13 have shown that subjects with 

PAD have a prevalence of 38.5% of orthopedic diseases, 

such as arthritis and arthrosis. Given that these comorbidities 

tend to be associated with female sex,14,15 it is imperative 

to have a high level of suspicion for proper differential or 

concomitant diagnosis.

Osteoporosis is another condition that is more preva-

lent among women. Older women with low bone mineral 

density (BMD) have a higher prevalence of atherosclerotic 

vascular disease (coronary artery disease, ischemic stroke 

or PAD) than older women with normal BMD.16 In the 

Rancho Bernardo study, von Mühlen et al found an age-

dependent association between PAD and osteoporosis in 

women, but not in men,17 whereas Mangiafico et al found 

a significantly higher prevalence of PAD in osteoporotic 

women compared with matched postmenopausal women 

with normal BMD (18.2% versus 3.8%, P,0.001).18 

In a retrospective study in 1,000 postmenopausal women, 

atherosclerotic vascular disease occurred in 60% with 

osteoporosis, 35% with osteopenia, and 22% with no osteo-

porosis or osteopenia (P,0.001 for all comparisons).19 

These results suggest that osteoporotic postmenopausal 

women have an increased cardiovascular risk and a vas-

cular evaluation should be performed in order to identify 

patients who would benefit from preventive and therapeutic 

cardiovascular interventions.

On the other hand, hypothyroidism, an entity also associ-

ated with female sex,20 has been related to PAD. Powell et al 

Table 1 Concomitant conditions that may pose a challenge 
associated with peripheral arterial disease (PAD) detection or 
management, particularly in women

Coronary and carotid artery disease
  Coexistence with PAD less frequent in women than in men
Depression
  Fourfold-greater odds for baseline depression in women diagnosed 

with PAD than in men
Orthopedic diseases
  Higher prevalence of orthopedic diseases in subjects with PAD, which 

are also associated with female sex
Osteoporosis
  Age-dependent association between PAD and osteoporosis in 

women, but not in men
Hypothyroidism
  increased prevalence of symptomatic PAD among subjects with 

subclinical hypothyroidism, an entity typically associated with female sex
Use of oral contraceptives
  Oral contraceptives may increase the risk of PAD
History of complications during pregnancy
  Adverse pregnancy outcomes independently associated with 

atherothrombotic occlusive vascular disease, including PAD
Hormone-replacement therapy (HRT)
   In women undergoing iliac angioplasty and stenting, HRT significantly 

reduced 5-year primary patency rates
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showed significantly higher thyrotropin levels in women 

with PAD diagnosed through the ABI compared with women 

without PAD (control group),21 whereas Mya and Aronow 

found an increased prevalence of symptomatic PAD among 

subjects with subclinical hypothyroidism compared with 

euthyroid persons: 78% versus 17%, P,0.001.22 Although 

these results have not been confirmed by other studies,23 this is 

an interesting line of investigation, which might highlight the 

importance of PAD screening in women with hypothyroidism, 

an extremely frequent disease in primary practice.

The use of oral contraceptives is associated with an increased 

risk of venous and arterial thrombosis, and may increase blood 

pressure (BP) levels.24 It has also been noticed that oral contra-

ceptives may increase the risk of PAD. In the RATIO (Risk of  

Arterial Thrombosis in Relation to Oral Contraceptives) study, 

an adjusted odds ratio for PAD of 3.8 (95% confidence interval 

[CI] 2.4–5.8) was found in women aged 18–49 years, using all 

kinds of oral contraceptives versus no use.25 Women may also 

be at risk for the development of PAD when they have a his-

tory of complications during pregnancy. Ben-Ami et al aimed 

to determine whether adverse pregnancy outcomes were 

associated with atherothrombotic occlusive vascular disease 

(AOVD), including PAD.26 They conducted a retrospective 

matched case-control study comparing women aged less than 

50 years treated for AOVD with healthy women matched for 

age and body mass index. On the multivariable analysis, com-

posite pregnancy complications, including intrauterine growth 

restriction, pregnancy-induced hypertension, and preeclampsia, 

were independently associated with AOVD. Weissgerber et al 

measured the ABI in 144 nulliparous women and 1,272 and 

271 women with a history of normotensive or hypertensive 

pregnancies, respectively.27 A greater odds ratio of PAD 

(defined by an ABI #0.9) was found for women with a his-

tory of hypertensive pregnancy compared with women with a 

history of normotensive pregnancy: 1.61 (95% CI 1.04–2.49). 

The association remained unchanged after adjustment for 

cardiovascular risk factors, such as diabetes, smoking status, 

hypertension, and dyslipidemia. PAD risk was not different 

between women with a history of normotensive pregnancy and 

nulliparous women.

With regard to hormone-replacement therapy (HRT), 

the observational Rotterdam study indicated that long-term 

HRT may be beneficial.28 In this study of 2,196 women aged 

55–80 years, a 52% decreased risk of PAD was observed 

among women who reported using HRT for over 1 year. In 

turn, the PARTNERS (PAD Awareness, Risk, and Treatment: 

New Resources for Survival) program showed a higher HRT 

use in the group with no PAD compared with other groups 

manifesting atherosclerosis.11 However, larger randomized 

controlled trials, such as the HERS (Heart and Estrogen/

Progestin Replacement Study) and Women’s Health Initia-

tive (WHI) trials,29,30 failed to demonstrate a beneficial effect 

of HRT on PAD. The WHI trials, either with estrogen plus 

progestin or estrogen alone, noted an increase in peripheral 

vascular events or reintervention, whereas Timaran et al found 

that in women undergoing iliac angioplasty and stenting, 

HRT significantly reduced 5-year primary patency rates.31 

Therefore, HRT is currently considered a risk factor in 

women with vascular disease, and it has been suggested that 

women with PAD should discontinue HRT 4–6 weeks prior 

to endovascular or surgical revascularization.29,32

Mortality
PAD carries a similar relative risk of death from cardio-

vascular causes as a history of coronary or cerebrovascular 

disease.33 Remarkably, such risk is similar in both asymp-

tomatic and symptomatic patients.38 In women, Vogt et al 

found that among those with PAD, the adjusted relative risk 

for all-cause mortality was 3.1 at 4 years, compared with 

women without PAD.34 Few studies have evaluated sex-

specific mortality related to PAD. In the ABI Collaboration 

study of 16 population-based cohort studies, Fowkes et al 

demonstrated that associations between ABI values and 

total and cardiovascular mortality and major coronary events 

were similar in women and men.36 Among women, morbidity 

and mortality risks were specifically increased with lower 

ABI values and with values $1.4. In the SHEP (Systolic 

Hypertension in the Elderly Program) substudy involv-

ing 1,537 subjects with PAD, of whom 868 were women, 

age-adjusted relative risk for mortality was 2.8 at 4 years, 

compared with 3.0 in men.37 Therefore, mortality associated 

with PAD seems to be similar for women and men, with a 

two- to threefold-elevated relative risk.

Challenges associated with 
diagnostic aspects of PAD in women
Awareness, clinical presentation,  
and physical examination
Awareness of PAD in women and men is low compared with 

knowledge of other cardiovascular diseases: a US survey 

conducted by Hirsch et al among 2,501 adults older than 

50 years showed that three of four adult Americans had no 

awareness of PAD.38 Moreover, populations at highest risk 

for PAD, such as the elderly and minorities, were the least 

informed. A Canadian survey provided similar results – two 

of three adult Canadians were unaware of PAD39 – whereas 
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Bush et al reported that PAD knowledge was poor among 

women at risk for cardiovascular diseases.40

Given that women are more likely to obtain primary care 

than men,41 these visits constitute a unique opportunity for 

PAD screening. For that purpose, educational information 

provided to primary care physicians could help to improve 

the early detection and treatment of PAD.

Apart from the fact that both PAD awareness in the general 

population and the level of suspicion among primary care physi-

cians are low, the clinical presentation of PAD in women tends 

to be especially misleading. According to the American College 

of Cardiology Foundation/American Heart Association 2005 

practice guidelines for the management of patients with PAD, 

only 10% of PAD patients will present with classical symptoms 

of intermittent claudication, whereas 50% will have atypical 

symptoms and the remaining 40% will be asymptomatic.2 

Several studies have indicated that asymptomatic disease is 

even more common among women compared with men. In a 

study of 1,601 healthy women, the Rose Questionnaire, devel-

oped at the London School of Hygiene and Tropical Medicine 

for detecting PAD, only had 18% sensitivity in comparison  

to the ABI,42 whereas women with PAD were significantly 

more likely to be asymptomatic than men (12.6% versus 

9.4%, respectively; P=0.03) in a Swedish population-based 

study.43 Similar results were reported in a longitudinal study 

of 2,327 subjects followed for 7.2 years, where the incidence 

of asymptomatic PAD was 12.4% in women and 7.8% in  

men.44 Moreover, the patient’s activity level should be properly 

identified, given that a linear correlation between the severity 

of the disease and the presence of exertional leg symptoms 

in women with PAD has been reported only among women 

who walked more than four blocks. This correlation was not 

observed in less active women.45 Women tend to be not only 

more asymptomatic but it has also been noticed that symptoms 

could be masked or misinterpreted as arthritis, osteoporosis, 

or spinal stenosis, which are also prominent in this population. 

As a matter of fact, the 187 women included in the WALCS 

(Walking and Leg Circulation Study) trial of 460 PAD patients 

were more than twice as likely as men to report the presence 

of atypical exertional leg symptoms.46

Physical examination for PAD detection could be 

misleading in women. Pulse palpation could be very infor-

mative for screening purposes, and auscultation of bruits 

over the femoral artery, although poorly sensitive, is also 

suggestive. However, fat is distributed differently among 

men and women: the latter tend to have a peripheral fat 

distribution, which is defined as fat deposited in the limbs 

and hips, particularly in the lower body.47 These sex-related  

characteristics may lead to an erroneous conclusion when 

examining a woman for PAD-screening purposes.

All the previously described features may contribute 

to explain why women, when finally diagnosed, have more 

advanced disease, a higher percentage of critical limb isch-

emia, and poorer quality of life than men.48,49

Diagnostic methods
Although history and physical examination are of utmost 

importance for overall cardiovascular risk evaluation and 

PAD assessment, the use of an objective diagnostic method 

is critical for proper PAD diagnosis. Several methods are 

currently available, both invasive and noninvasive. Contrast 

angiography remains the gold standard for PAD diagnosis.2,54 

However, it is an invasive method associated with risks, such 

as local injury to the artery, contrast-induced nephropathy, 

and radiation exposure. Therefore, inexpensive and risk-free 

noninvasive methods, such as the ABI and duplex ultrasound, 

are usually used for PAD screening, whereas more complex, 

expensive, and invasive methods, such as magnetic resonance 

angiography (MRA), computed tomography (CT), and con-

trast angiography, are obtained once PAD has been diagnosed 

in order to determine more precisely the level and extent of 

the disease for revascularization purposes (Table 2).

Ankle-brachial index
Current PAD guidelines establish the ABI as the preferred 

method for PAD diagnosis.2,50,51 This noninvasive method 

has been validated against contrast angiography, showing 

Table 2 Diagnostic methods in peripheral arterial disease: sex-
related challenges

Method Challenge

ABi Concerns raised regarding the need for different 
cutoff values in women 
Conditions related to stiff arteries (older age, 
diabetes) more frequent in women with PAD

Duplex  
ultrasound

Difficulty in assessing the lumen in the presence 
of highly calcified arteries, a phenomenon more 
frequently observed in women 
Not useful for areas of open ulcers or excessive 
scarring, typical of advanced disease, more 
frequently encountered in women 
Accuracy diminished in proximal aortoiliac arterial 
segments in the context of obesity with peripheral 
fat distribution, more common in women

CT, MRA, and  
contrast  
angiography

Claustrophobia precluding MRA tolerance more 
common in women 
iodinated contrast allergy more frequent in 
women

Abbreviations: ABi, ankle-brachial index; CT, computed tomography; MRA, 
magnetic resonance angiography; PAD, peripheral arterial disease.
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a sensitivity of 95% and a specificity of 100% for an ABI 

threshold of 0.9,52 and it is inversely related to atherosclerotic 

risk factors and the presence of cardiovascular and cerebro-

vascular diseases. In the SHEP trial, a low ABI was predictive 

of total and cardiovascular mortality,53 whereas McKenna 

et al found 5-year mortality of approximately 30% and 50% 

in individuals with an ABI of 0.7 and 0.4, respectively.54 

Remarkably, the study conducted by the Ankle Brachial Index 

Collaboration group showed that the inclusion of the ABI in 

the calculation of the Framingham risk score increases the 

risk category, this effect being more dramatic for women.36 

This is not a minor finding, given that the Framingham risk 

score tends to underestimate the risk in women belonging to a 

low-risk category. Therefore, the use of the ABI may improve 

the Framingham risk score’s ability to classify women’s risk 

more accurately.

Although the ABI is indicated in all subjects at risk of 

PAD regardless of sex, some studies have suggested that 

there might be sex-related differences regarding ABI values. 

For example, a large study of 13,211 healthy participants 

aged 21–89 years in Japan found a lower ABI in women 

than in men at all ages.55 In the Rotterdam study, mean ABI 

in women was 1.03 compared with 1.08 in men,56 whereas 

women had ABI values approximately 0.02 lower than men in 

a fully adjusted model of 1,775 healthy individuals in MESA 

(Multiethnic Study of Atherosclerosis).57 These observations 

led to the hypothesis that even in healthy women, the ABI 

may be lower than in men, and as a consequence lower ABI 

cutoff values would be needed in women. This sex-related  

difference would be associated with smaller arteries in 

women or to the relationship between the ABI and height.58,59 

In the ARIC (Atherosclerosis Risk in Communities) study, 

although sex differences were found in the average ABI, 

such differences were reduced after adjusting for height, and 

the difference of PAD prevalence between men and women 

disappeared.60 Even though this sex difference may pose a 

challenge for PAD diagnosis in women, given that the stan-

dard error for the ABI is 0.1–0.15, most studies utilize an ABI 

of less than 0.9 for PAD diagnosis, and current guidelines 

recommend this cutoff value regardless of sex.3

Finally, some pitfalls regarding ABI use as a diagnostic 

tool must be taken into account. Some patients have an 

ABI .1.4 as a consequence of stiff arteries. A substantial 

proportion of these individuals actually do have occlusive 

artery disease,61 requiring alternative tests to unmask PAD. 

This finding is more common among certain populations, 

such as patients with diabetes and end-stage renal disease 

and in the very elderly.50 Given that diabetes is a risk factor 

more frequently present among women with PAD (see the 

“Cardiovascular risk reduction” section), and that, as stated 

in the “Epidemiology” section, women account for most of 

the very elderly population, this issue poses a special chal-

lenge for PAD diagnosis in women.

Duplex ultrasound
This technique enables radiation-free noninvasive detection 

and localization of stenoses in the peripheral arteries. It is also 

highly useful for follow-up after angioplasty or to monitor 

bypass grafts.50 Although there are no documented sex-based 

differences in diagnostic sensitivity or accuracy,2 some of its 

limitations may pose a challenge for its generalized applica-

tion, especially in women. First, in highly calcified arteries, 

a condition more frequently encountered among patients 

with diabetes and the elderly, it may be difficult to assess the 

lumen.2,50 Given that women account for most of the elderly 

with PAD50 and that diabetes is a risk factor more frequently 

found in women with PAD than in men,4 this methodologi-

cal limitation might be more frequently seen in the former. 

Second, insonation in the area of open ulcers or excessive 

scarring may not be possible.50 This may preclude the use of 

duplex ultrasound in such situations, which are more common 

among women, who tend to be diagnosed later than men, and 

are therefore prone to more advanced disease. Third, in some 

cases of obesity, the accuracy of the test might be diminished 

in proximal aortoiliac arterial segments.2,50 Obese women 

usually have a peripheral fat distribution, particularly in the 

lower body.47 Therefore, this limitation of the method may 

pose a particular sex-related challenge.

Magnetic resonance angiography, computed 
tomography, and contrast angiography
These three methods provide information regarding level 

and extent of the disease, and help to determine whether the 

patient is a candidate for revascularization, contrast angiog-

raphy being the gold standard for these purposes.2,50

Although women’s native arterial diameters are smaller 

than those of men of the same age,63 there are no documented 

sex differences in the diagnostic sensitivity or accuracy of 

these advanced imaging techniques. However, some disadvan-

tages of each specific method could pose a challenge for its 

use, especially in women. Magnetic resonance angiography is 

costly and time-consuming,2 and has the drawback of exposing 

patients to anxiety, especially those who are claustrophobic.64 

Nephrogenic systemic fibrosis secondary to gadolinium 

administration in those subjects with a glomerular filtra-

tion rate ,30 mL/minute/1.73 m2,65 albeit rare, may occur. 
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Whereas female sex does not appear to be a risk factor for 

nephrogenic systemic fibrosis,66 it has been documented that 

women require sedation to tolerate an MRI procedure more 

frequently than men: Murphy and Brunberg found that among 

patients who required sedation, women almost doubled men 

in a study including 939 patients undergoing MRI.67 In a 

study enrolling women at elevated risk of breast cancer to 

perform breast MRI screening, 42.1% declined participation. 

Of them, 25.4% refused owing to claustrophobia.68 Based on 

this information, women might probably require an alternative 

method, such as open MRI or CT, more frequently than men 

facing a revascularization procedure.

Both CT and contrast angiography require the admin-

istration of iodinated contrast agent, which limits its use in 

individuals with renal dysfunction.2 Iodinated contrast allergy 

is another potential limitation for the use of this technique. 

Again, women were found to be more prone to iodinated con-

trast media adverse drug reactions compared with men. In a 

prospective study of 74,717 subjects conducted to determine 

the incidence and characteristics of acute adverse drug reac-

tions during the utilization of an iodinated contrast agent, the 

overall rate of such reactions was 2%, with a higher incidence 

among women.69 In addition, Mortelé et al also found a signifi-

cantly higher incidence of adverse events among women in a 

study aimed at evaluating the safety of the nonionic iodinated 

contrast agent iopromide in patients undergoing CT.70

Challenges associated with the 
management of PAD in women
The management of PAD includes risk-factor reduc-

tion and, in symptomatic patients, exercise-training 

therapy, pharmacologic intervention and, when indicated, 

revascularization.1,50

Although these recommendations do not differ based on 

sex, women with PAD are less likely than men to receive the 

recommended therapy, and tend to be underrepresented in clin-

ical trials,62 as will be discussed in the following sections.

Cardiovascular risk reduction
The major risk factors for PAD are cigarette smoking, diabetes 

mellitus, dyslipidemia, and hypertension.2,4 Therefore, smok-

ing cessation and appropriate treatment of medical comor-

bidities with eventual antiplatelet therapy are the initial steps 

in PAD management. However, PAD patients without CAD 

are less likely to receive treatment with statins, angiotensin-

converting enzyme inhibitors (ACE-Is), or antiplatelet agents 

compared with patients with PAD and concomitant CAD.71,72 

Although guidelines do not provide differential recommen-

dations for cardiovascular risk reduction based on sex,2,50 

women with PAD are far less likely than men to receive the 

recommended therapy, as shown in the REACH (Reduction 

of Atherothrombosis for Continued Health) registry, where 

among 8,322 patients with PAD, women were found to be 

significantly less treated than men with optimal risk-factor 

control.73 Furthermore, it has been noticed that women may 

be relatively more susceptible to the burden of multiple risk 

factors than men.74 These sex-related differences may pose 

a challenge associated with cardiovascular risk reduction 

(Figure 1), ie, special efforts might be needed according to 

sex, as will be discussed in the following sections.

Tobacco use
The amount and duration of tobacco use are directly associ-

ated with the progression of PAD.75 Both ankle-pressure 

improvement and increased exercise tolerance have been 

documented after smoking cessation.76 Observational studies 

CV risk reduction

General
aspects

Smoking
cessation

Lipid-lowering
strategies

Higher vulnerability to
statin adverse effects in

women

Women’s smoking
prevalence rates

projected to rise in many
low-and-middle-income

countries

Women less likely to
receive the

recommended therapy
than men

Stronger
association

between PAD and
diabetes in women

Diabetes control
Hypertension

control

ACE-l-related cough
and angioedema
more common
among women

Figure 1 Management challenges associated with peripheral arterial disease in women: cardiovascular risk reduction.
Abbreviations: ACe-i, angiotensin-converting enzyme inhibitor; CV, cardiovascular; PAD, peripheral arterial disease.
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have found that the risk of death, myocardial infarction, graft 

failure, and amputation are greater in those subjects who 

continue smoking compared with those who stop.77,78

Different studies have reported on the impact of smoking 

habits on PAD in men and women at high cardiovascular 

risk. Ness et al found that smoking has a more deleterious 

impact in women than in men for symptomatic PAD in older 

subjects, with relative risks of 4.6 and 2.5, respectively,79 

whereas Conthe Gutiérrez et al reported a different cardio-

vascular risk profile in high-risk women, with lighter smoking 

habits than men.80 Wisman et al found that men with PAD 

were more often smokers than women (63.6 versus 53.3%, 

P=0.03).81 Sigvant et al reported that in women, smoking 

duration already seemed to be a risk factor for PAD after 

10 years of smoking, compared with 30 years for men.82 

Also, passive smoking was found to be a predictor of PAD. 

In a study comprising 1,209 Chinese women who had never 

smoked, the adjusted odds ratios for PAD, defined by intermit-

tent claudication, by ABI ,0.90, and by either intermittent 

claudication or ABI ,0.90, were 1.87 (95% CI 1.30–2.68), 

1.47 (95% CI 1.07–2.03), and 1.67 (95% CI 1.23–2.16), 

respectively.83

After the rapid worldwide spread of tobacco smoking 

before the 1950s among men, the prevalence among women 

started to rise as well, and although in the 1970s smoking 

prevalence began to decrease regardless of sex, this decline 

has since been detected to be weaker in females.84 As a 

matter of fact, while women’s smoking-prevalence rates 

are currently lower than men’s, they are projected to rise 

in many low- and- middle-income countries. According 

to the Global Youth Tobacco Survey, worldwide smoking 

rates among boys and girls resemble each other more than 

smoking rates among adult women and men.85 These issues 

constitute a major sex-related health burden and present a 

special challenge associated with the management of this risk 

factor among females. For instance, sex-related motivations 

for starting tobacco use should be taken into account when 

designing smoking-cessation campaigns.

Diabetes
The risk of developing PAD is proportional to the severity 

and duration of diabetes.86 However, studies evaluating gly-

cemic control in diabetic subjects with PAD failed to find 

an association between aggressive diabetes treatment and a 

decrease in adverse cardiovascular events.87,88

While diabetes increases the overall risk of PAD two- to 

fourfold,2 it has been noted that it may increase the risk in 

women more than in men: in the Rotterdam study, diabetes 

was more prevalent among women (16%) than men (11.9%) 

with an abnormal ABI,89 and in the Framingham Heart study 

diabetes increased the risk of intermittent claudication 3.5 

and 8.6-fold in men and women, respectively.90

Particular characteristics of PAD in diabetic subjects 

may pose a special challenge regarding the diagnosis and 

management of the disease among women, given the stron-

ger association between PAD and diabetes in this group. 

To name a few examples of pitfalls that may be frequently 

encountered in female patients with PAD, the presentation 

of leg symptoms in diabetic patients may be altered by the 

presence of peripheral neuropathy, which may render a usu-

ally delayed diagnosis in women difficult, and pressure in 

the distal vessels may be falsely elevated due to the medial 

artery calcinosis often present in diabetic individuals.

Dyslipidemia
The risk of developing PAD increases 5%–10% for each 10 

mg/dL rise in total cholesterol,2 the levels of which have been 

found to be higher in subjects with intermittent claudica-

tion than in those without PAD in several epidemiological 

studies.91,92 As a matter of fact, the Framingham risk score 

and the Adult Treatment Panel III classify PAD as a “CAD 

equivalent”, and recommend for such patients the same lipid-

level target as for those with CAD.93

Several studies have shown that cholesterol-lowering 

therapy may not only improve symptoms of intermittent 

claudication94,95 but also increase walking distance to the 

onset of claudication.96 Statins are currently indicated for 

all patients with PAD to achieve a target low-density lipo-

protein (LDL) cholesterol level of less than 100 mg/dL, and 

in subjects at very high risk of ischemic events, less than 

70 mg/dL.2 Although this recommendation does not vary 

according to sex, women with PAD have been found to be 

less likely to receive statins: in the American Vascular Asso-

ciation Screening Program, 87% men versus 63% women 

reported statin use,71 whereas in a Swedish study by Sigvant 

et al, the odds ratio for men receiving lipid-lowering therapy 

was 1.3 (95% CI 1.1–1.5) when compared with women 

diagnosed with PAD.82 Moreover, among 320 patients with 

PAD and high LDL cholesterol levels, McDermott et al 

reported that, during a 1-year follow-up, male PAD patients 

were more likely to intensify LDL cholesterol-lowering 

medication than female PAD patients, with an odds ratio 

of 3.33 (95% CI 1.64–6.77), after adjusting for age, race, 

comorbidities, PAD severity, and other covariates.97

Some other issues concerning statin use among women must 

be considered. As discussed in the Introduction and the Prevalence 
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sections, elderly women are one of the fastest-expanding popula-

tion groups, accounting for a high proportion of the population 

burden of PAD.62 This group also exhibits the highest vulner-

ability to statin adverse effects, such as statin-related muscle 

disorders.98 Several explanations have been proposed for this 

observed phenomenon. Although men tend to weigh more than 

women, drug doses in elderly adults are rarely titrated based on 

weight. This may expose frail, elderly women to higher doses 

than their bodies are able to metabolize and eliminate efficiently. 

Women also tend to have a higher percentage of body fat, which 

can significantly increase the half-life of the more lipophilic 

statins. Polypharmacy among elderly women and sex-based dif-

ferences in pain perception, which favor a tendency for increased 

reporting of pain among females, are other possible explanations 

for this sex-related statin vulnerability.98

The need for intensifying statin therapy in an undertreated 

population group, along with increased vulnerability to 

adverse drug reactions, constitute other challenges for PAD 

management among women.

Hypertension
Hypertension is a major risk factor for PAD. In fact, PAD 

is not only related to established hypertension but has also 

been found to be associated with masked hypertension, ie, 

normal office BP readings but elevated out-of-office BP 

readings.99,100

Although the association between hypertension and PAD 

is weaker than the association with cerebrovascular and coro-

nary artery disease,2 it has been suggested that hypertension 

might play a more important role as a risk factor for PAD 

in women than in men. In the Framingham Heart Study, 

hypertension increased the risk of intermittent claudication 

2.5- to fourfold in men and women, respectively,90 whereas 

Wisman et al reported that females with PAD had hyperten-

sion more often than males (48.5 versus 33.2%, P,0.01).81 

This is of capital importance, given that in hypertensive 

adults the relative risk for total mortality and for cardio-

vascular morbidity and mortality is higher in subjects with 

an ABI equal or less than 0.9 compared with those with an 

ABI greater than 0.9, as reported by Newman et al.53 Powell 

et al found that particularly uncontrolled systolic BP plays 

a strong prognostic role in the development of peripheral 

atherosclerosis in women.101

With regard to hypertension treatment, it is recommended 

that patients with PAD receive antihypertensive therapy to 

achieve a goal of less than 140/90 mmHg. The choice of 

the antihypertensive agent is less important than actual BP 

control in patients with PAD.102 Although concern has been 

raised about the fact that the use of beta-blockers may worsen 

the symptoms of claudication, two meta-analyses of studies 

published describing PAD patients with mild-to-moderate 

limb ischemia did not confirm the intake of beta-blockers 

to be associated with exacerbation of PAD symptoms.103 

Interestingly, it has been noticed that the use of ACE-Is may 

be protective beyond that expected from BP lowering. In 

the HOPE (Heart Outcomes Prevention Evaluation) study, 

which involved 4,051 individuals with PAD, ramipril signifi-

cantly reduced the rates of death, myocardial infarction, and 

stroke by approximately 25%.104 Moreover, Ahimastos et al 

found that ramipril significantly improved pain-free walking 

time in subjects with symptomatic PAD.105 Therefore, it is 

recommended that ACE-Is should be first-line therapy in 

hypertensive patients with PAD.4

Antihypertensive treatment recommendations for men 

and women do not differ. However, women have consistently 

been found to be less treated than men.71,82 On the other 

hand, the use of ACE-Is in women has some limitations that 

must be taken into account, and may constitute a sex-related 

challenge associated with PAD management. First, ACE-Is 

are not recommended in sexually active women of child-

bearing potential due to fetal toxicity concerns.103 Second, 

female sex is associated with the multidrug-intolerance 

syndrome, of which ACE-Is are not an exception.106 In that 

sense, both cough and angioedema, two adverse reactions 

typically associated with ACE-Is, have been found to be 

more common among women compared with men.107,108 

Third, a study conducted by Ganz et al found that ACE-I 

exposure was associated with breast cancer recurrence 

(hazard ratio 1.56, 95% CI 1.02–2.39; P=0.04),109 a find-

ing that was not confirmed by another study110 and requires 

further research.

Antiplatelet therapy
The Antithrombotic Trialists’ Collaboration, a meta-analysis 

that involved 135,000 patients randomized to placebo or 

antiplatelet therapy, found a 23% reduction in serious vascular 

events in the subset of patients with PAD allocated to the active 

arm.111 Antiplatelet therapy is currently indicated to reduce 

the risk of myocardial infarction, stroke, and vascular death 

in individuals with symptomatic PAD. This indication may be 

extrapolated to asymptomatic individuals with an ABI less than 

or equal to 0.9 to reduce such risks. This could be achieved 

either with aspirin 75–325 mg once daily or with clopidogrel 

75 mg once daily as a safe and effective alternative.3

Again, although the recommendation does not vary 

according to sex, women are less likely to be treated 
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than men: the odds ratio for antiplatelet therapy was 1.6 

(95% CI 1.3–2.1) in a study comparing men with women 

conducted by Sigvant et al.82

As described for other drugs used for cardiovascular risk 

reduction in PAD patients, antiplatelet therapy also seems 

to carry sex-related characteristics that must be acknowl-

edged by the treating physician, both in young and elderly 

women. While women of childbearing age are especially 

prone to develop aspirin sensitivity,112 in a study conducted 

in 3,154 elderly subjects to identify the relationship between 

nonsteroidal anti-inflammatory drug use (including regular-

dose aspirin) and gastrointestinal disturbances, female 

sex was an independent risk factor (odds ratio 1.32, 95% 

CI 1.16–1.44) for gastrointestinal symptoms, such as abdomi-

nal pain, reflux symptoms, and indigestion syndrome.113 

On the other hand, aspirin-induced asthma has been found 

to be more common in women than in men, with the onset 

of symptoms occurring significantly earlier and the disease 

being more progressive and severe, as reported by Szczeklik 

et al in a multicenter European study of 500 subjects.114

Treatment for symptomatic PAD
Regarding symptomatic PAD, different therapeutic strategies 

are available: exercise therapy, pharmacotherapy, and lower-

extremity revascularization.2,50 From a sex-based perspective, 

recommendations do not differ. However, as stated in other 

sections of this review, some sex-related issues may interfere 

with the response to the treatment, accounting for another 

challenge associated with PAD management (Figure 2). On 

the other hand, women have been largely underrepresented 

in trials evaluating different PAD therapies, and few studies 

report sex-specific outcomes.62 Therefore, when making 

treatment decisions, it is important to have in mind that such 

decisions will be mostly based on the results obtained from 

male subjects with PAD.

Supervised exercise training
In subjects with PAD, regular walking in a supervised 

exercise program is effective in improving symptoms and 

increasing walking speed, distance, and duration.2,50 A meta-

analysis of 1,200 individuals with stable leg pain found 

that maximal walking time was significantly improved by 

exercise, with a 50%–200% overall improvement in  walking 

ability.115

Most studies compare one or more methods of supervised 

exercise training with a control group, pharmacological 

therapy, or a revascularization procedure.62 Of note, female 

participants average less than 30% of the total in the majority 

of randomized trials, and moreover no sex-specific analyses 

or outcomes are usually reported. Only one study, aimed at 

evaluating the efficacy of reconstructive surgery, reconstruc-

tive surgery with subsequent physical training, and physical 

training alone, reported results of sex-specific analyses. In 

this prospective, randomized trial conducted by Lundgren 

et al, sex did not significantly influence walking performance 

after treatment.116 Of course, more research is needed in order 

to establish whether women respond differently than men to 

supervised exercise training.

Pharmacological therapy
Patients with symptomatic PAD may also benefit from phar-

macologic treatment. Among the available drugs, cilostazol, a 

Treatment for
symptomatic PAD

General aspects

Female participants average 
less than 30% of the total in 

randomized trials 

Supervised exercise 
training

Osteoarticular diseases and 
psychosocial factors may preclude 
women from engaging in physical 
activity programs more frequently 

than men 

Revascularization 
procedures

Women less often offered
surgical revascularization, more

likely to have wound complications,
be  admitted emergently, and be 

discharged to a nursing home

Figure 2 Treatment for symptomatic peripheral arterial disease: sex-related challenges.
Abbreviation: PAD, peripheral arterial disease.
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phosphodiesterase inhibitor that inhibits  platelet aggregation 

and has arterial vasodilator properties, has the most conclu-

sive evidence to support its use as first-line pharmacologic 

therapy for intermittent claudication.2,4 Several randomized 

clinical trials have been conducted, concluding that cilosta-

zol at a dose of 100 mg twice daily improves both pain-free 

and maximal treadmill walking distance compared with 

placebo.117,118 Cilostazol has also been shown to cause small 

increases in ABI values, to raise serum high-density lipid cho-

lesterol concentration,118 and to improve quality of life.119

Again, women have been largely underrepresented within 

the trials evaluating pharmacologic therapy, accounting for 

less than 30% of the population recruited in most of these 

studies.62 However, sex-specific analyses demonstrated no 

statistical difference in estimated treatment effects between 

men and women.120

Revascularization
Symptomatic patients that would benefit from revasculariza-

tion, either endovascular treatment or surgery, should be evalu-

ated on the grounds of vascular anatomy suitability, severity of 

symptoms, failure of medical therapies and lack of significant 

comorbidities.2 Women have been largely underrepresented in 

PAD revascularization trials, where they account for 32% of 

trial participants,62 which results in treatment decision making 

being mostly supported by results obtained in men.

Although treatment options are similar for both sexes, 

women are less often offered surgical revascularization 

and are more likely to be admitted emergently and discharged 

to a nursing home.48,121 Smaller vessel size, more advanced 

disease, later age at the onset of the  disease, psychosocial 

factors, and worse surgical outcomes have all been proposed 

as possible explanations for this observation.62,122 Of note, 

amputation-free survival has been reported in many studies 

to be similar in women and men,64 which may constitute a 

strong argument in favor of revascularization in women, 

despite the aforementioned sex-related differences.

Regarding other outcomes associated with revasculariza-

tion, it has been noted that women tend to have an inferior 

patency after surgical lower-extremity revascularization than 

men.62 Nguyen et al observed that both race and sex were 

predictors of patency after lower-extremity saphenous vein 

bypass, with black women having the highest risk of graft 

loss at 1 year,123 whereas Ballard et al described a relative 

risk of 4.6 for bypass or stent thrombosis in women compared 

with men.124 However, these results have not been confirmed 

by another studies, which did not identify sex differences 

related to patency.125

While conflicting results have been reported regarding sex 

effects on survival after PAD revascularization,62,126 studies 

have consistently shown that female sex is a risk factor for 

wound complications after revascularization procedures.127,128 

Matsi and Manninen noted a significantly higher incidence of 

bleeding complications (15% versus 6%) in women undergo-

ing percutaneous lower-extremity angioplasty compared with 

men,129 and Belkin et al observed a greater frequency of infec-

tions, hematomas, and seromas in women undergoing lower-

extremity arterial bypass (13.5% versus 3.3%).130 Finally, in a 

study involving 1,400 subjects who underwent lower-extremity 

revascularization for critical limb ischemia, female sex was an 

independent predictor of wound complications, with an odds 

ratio of 1.4 (95% CI 1.08–1.8).131

Conclusion
PAD is a common disease among women, and is expected 

to increase in the coming years. Several issues regarding 

sex-related differences in clinical presentation, comor-

bidities, interpretation of diagnostic methods, and medi-

cal and surgical management pose important challenges 

associated with PAD in women that should be addressed 

and overcome.

Although the evidence related to prognostic implications 

of PAD in women is compelling, this group has classically 

been underrepresented in research studies. Therefore, more 

investigation taking into account sex differences will prob-

ably improve our understanding and contribute to better 

management of the disease.
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