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Abstract

Peripheral artery disease (PAD) affects 200 million individuals worldwide. In the United States,
certain demographic groups experience a disproportionately higher prevalence and clinical effect
of PAD. The social and clinical effect of PAD includes higher rates of individual disability,
depression, minor and major limb amputation along with cardiovascular and cerebrovascular
events. The reasons behind the inequitable burden of PAD and inequitable delivery of care are both
multifactorial and complex in nature, including systemic and structural inequity that exists within
our society. Herein, we present an overview statement of the myriad variables that contribute to
PAD disparities and conclude with a summary of potential novel solutions.

Keywords

AHA Scientific Statements; ankle brachial index; chronic limb-threatening ischemia; health status
disparities; healthcare disparities; peripheral arterial disease

Peripheral artery disease (PAD) is present in >12 million Americans and 200 million
individuals worldwide. PAD has a differential prevalence and clinical effect across
demographic groups in the United States.

In patients who have PAD, limb symptoms may reduce quality of life, and the devastating
outcome of limb amputation produces social and economic burdens for patient and family.
Appropriate identification of PAD in affected individuals allows for the timely initiation
of guideline-directed medical therapy for secondary prevention of cardiovascular disease,
cerebrovascular disease, and limb events.

The purpose of this scientific statement is to summarize the disparities in PAD across key

elements, including the epidemiology, medical management, and interventional outcomes

and how social determinants of health intersect with the development of PAD. We identify
existing knowledge gaps and future investigational research targets, and we offer potential
structural solutions.
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DISPARITIES IN THE PREVALENCE OF PAD

The prevalence of PAD in the United States varies across sex, race, and ethnicity,
contributing to differential disease burden. Overall prevalence estimates indicate that there
are 7 to 12 million affected individuals in the United States and 200 million people
worldwide.1-3 The prevalence of PAD depends on definitions, because the inclusion of only
symptomatic patients tends to underestimate disease burden. PAD rates rise rapidly with
age with the highest prevalence in adults >70 years of age.*® Severe PAD with critical

limb ischemia (CLI)/chronic limb-threatening ischemia (CLTI) that may lead to amputation
affects 1.3% of the adults in the United States.2.6

When PAD is defined by an ankle brachial index (ABI) <0.9, many studies have found that
the prevalence of PAD is equivalent between sexes (~#3%-4.5% among those =40 years), or
slightly higher in women (2.5% prevalence in men versus 3.5% prevalence in women 240
years).l In a majority of studies of symptomatic PAD, defined as symptoms of intermittent
claudication, the prevalence and incidence appear to be higher in men.

In studies evaluating multiethnic populations, Black American patients are disproportionally
affected by PAD.17 Evaluating data from 7 community-based studies (Cardiovascular
Health Study, Honolulu Heart Program, Multiethnic Study of Atherosclerosis, National
Health and Nutrition Examination Survey, San Diego PAD Study, San Diego Population
Study, and the Strong Heart Study), Black men =50 years of age had the highest rates of
prevalent PAD (Figure 1).1 Prevalence at ages 50 to 59 years was ~5%, 13.2% at ages 60 to
69 years, and 59% at >80 years, compared with ~1.9%, 5.4%, and 22.6% in non-Hispanic
White individuals at similar ages. Likewise, the rates of PAD were much higher in Black
women than in other racial and ethnic groups; although these higher rates were observed a
decade later compared with men (starting ~60 years of age).

Differences in PAD prevalence have also been explored among Hispanic subgroups. In one
study looking at an ethnically diverse population of Hispanic individuals, and after adjusting
for multiple risk factors, Cuban American patients were found to have the highest risk

of PAD (odds ratio, 2.9 [95% CI, 1.9-4.4]), compared with Mexican American patients,
followed by Puerto Rican American patients, those with a Central American background,
and Dominican American patients.8

In a self-referred screening study, American Indian adults had higher rates of presenting with
both mild-to-moderate and severe PAD compared with White adults even when accounting
for the presence of traditional risk factors.?

Estimates of the lifetime risk suggest that 30% of Black men and 27% of Black women
will develop PAD defined as low ABI compared with 22% of Hispanic men and women
and 19% of White men and women.# Differences in the prevalence of key risk factors

for PAD, including smoking, diabetes, hypertension, and dyslipidemia, may be important
contributors to differential rates of asymptomatic and symptomatic PAD across race and
ethnicity. However, patterns of higher PAD prevalence in Black American patients persist
even when accounting for traditional risk factors.
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CORONARY AND CEREBROVASCULAR DISEASE IN PAD

Atherosclerosis is a chronic, reparative inflammatory process that affects the arterial tree
systemically. Individuals diagnosed with lower extremity PAD may have concomitant
disease in other vascular territories.> Previous studies have demonstrated a relatively high
prevalence of coronary and cerebrovascular disease among patients with PAD. For example,
in the United States, primary care evaluation showed that 50% of patients with PAD

had concomitant coronary artery disease or cerebrovascular disease.> Among patients in
general practice with PAD (by ABI criteria) >65 years of age living in Germany, the

odds ratios for prevalent cerebrovascular and coronary artery disease were 1.5 and 1.8,
respectively, compared with those without PAD. Similar results have been published from
the Cardiovascular Health Study using a symptom-based definition of PAD. There appear
to be significant differences in these rates by race and ethnicity. Using data from the
REACH registry (Reduction of Atherothrombosis for Continued Health), the prevalence
of “multisystem disease” among US residents who self-reported as Black, Hispanic, or
White were as follows: (1) PAD: 45%, 28%, 29%; (2) PAD+coronary artery disease:

31%, 48%, 48%; (3) PAD+cerebrovascular disease: 11%, 4%, 7%; and (4) PAD+coronary
artery disease+cerebrovascular disease: 14%, 20%, 17%. These results suggest that Black
American patients have the highest rates of PAD and PAD with cerebrovascular disease,
whereas Hispanic and White American patients have the highest rates of PAD with coronary
artery disease, and PAD with both coronary and cerebrovascular disease, as well. 1011 |t js
important to note that the REACH registry reflects clinically diagnosed disease, and there
may be relative underdiagnosis that could vary across race and ethnicity groups.

DIABETIC FOOT CARE

Lower extremity complications of diabetes continue to exact a substantial burden on all
patients. These complications, including diabetic foot ulceration, resultant infection, and
amputation occur because of a combination of neuropathy, PAD, and repetitive trauma on
the at-risk limb.12 Five-year mortality after amputation is comparable with many cancers:
~45% of people with foot-level amputation and >60% for people with more proximal
amputations. High risk of amputation and resultant mortality in PAD is enhanced in people
of color. Native American, Black, and Hispanic patients carry a disproportionately increased
risk for neuropathy, PAD, diabetic foot ulceration, and amputation than do their White
counterparts.13

Social determinants appear to play a central role in the observed outcome disparities across
patients with diabetes and PAD. Native American, Black American, Hispanic American,
rural, and low-income patients are at greater risk of being uninsured, an independent risk
factor for amputation.14

Limited access to preventative podiatric and interdisciplinary foot care is correlated

with an amputation risk as has occurred during economic downturns. Interventions that
improve access to foot care reduce amputation rates. Expansion of Medicaid eligibility for
podiatric, vascular, and other interdisciplinary care may reduce diabetes-related amputation
particularly in racial and ethnic underrepresented groups. Access to interdisciplinary limb
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preservation and training programs unfortunately remains inadequate across the United
States. Given the known benefits for amputation reduction along with reduced resource
use, enhanced access to podiatry and interdisciplinary care will be a key approach to limit
disparities in PAD outcomes.

Advances in mobile health and remote patient monitoring are an emerging advance to
expand access and lower reulceration rates in patients who have achieved in diabetic foot
remission. Remote diabetic foot monitoring is, unfortunately, presently available to only

a small percentage of patients at risk, nationwide. We call on health systems and health
science programs to consider the development of initiatives focused on expanding access to
remote monitoring by interdisciplinary teams in an effort to reduce the disproportionately
high number of ulcers and amputations throughout the United states, in general, and for
underserved communities, in particular.

NONPROCEDURAL MANAGEMENT/OPTIMIZATION

Medical Management and Comorbid States

Medical management of PAD is recommended to reduce the risk of myocardial infarction,
stroke, amputation, and cardiovascular death. It entails antiplatelet therapy, lipid reduction
therapy, low-dose anticoagulation, peripheral vasodilators, blood pressure control, smoking
cessation, diet, and exercise therapy (Table 1). Although the evidence for aspirin and
lipid-lowering therapy in patients with symptomatic PAD is strong, the data are less clear
for those with subclinical PAD. Despite the robust evidence that statins reduce incident
cardiovascular events, and acute limb events, as well, Black American patients continue

to have lower rates of prescriptions for statins even in the presence of established PAD.11
Likewise, there is strong evidence supporting the use of antithrombotic agents and blood
pressure control in the treatment of PAD for the reduction of cardiovascular events, but
non-White patients, especially Black patients with PAD, are less likely to be taking aspirin
and angiotensin-converting enzyme inhibitors than their White counterparts.1® In Hispanic
American patients with known PAD, there are low rates of antiplatelet (31%), lipid-lowering
(26%), and antihypertensive therapies (57%).16 Compounding this problem is the fact that
Black, Native, and Hispanic American patients are underrepresented in the large clinical
trials that serve as the basis for clinical associations’ recommendations for the medical
management of PAD.

Physical Activity/Exercise

Racial disparities seen in physical activity and health are complicated by factors, including
poverty, education, and socioeconomic status. Differences in functional limitations in Black
compared with White older adults are lower after accounting for disparities in income and
education. Hypertension and diabetes, two of the major risk factors associated with the
development of PAD, are more prevalent in highly segregated areas.1® Black American
patients who live in more walkable communities have better control of diabetes.1®

Black American patients have been found to have poorer lower extremity function than
non-Black Americans, including poorer performance on the 6-minute walk test and the short
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physical performance battery. However, these differences were mitigated when accounting
for clinical and social factors, including age, sex, level of education, ABI, and leg
symptoms.20 Likewise, Black American patients have been shown to have an increased
decline in physical function over time compared with non-Black American patients;
however, these differences are largely explained by socioeconomic status and physical
activity levels.?1

The small subset of clinical trials that control for sociodemographic variables report that
physical functioning improvement in response to exercise therapy does not differ by race,
education, or socioeconomic status.22

Lifestyle Behaviors

Lifestyle behaviors such as diet, obesity, and smoking can contribute to risk of PAD and

are important in its treatment. The Mediterranean, Dietary Approaches to Stop Hypertension
(DASH), and high fruit and vegetable dietary patterns incorporate most of the foods and
nutrients recommended to decrease the risk of PAD (Table 1) and are associated with weight
reduction and reduced cardiovascular risk.23

Although few Americans have diets that are consistent with these healthful patterns,

the differences in income, education, and food access among different racial and ethnic
groups make healthy eating and weight management more challenging. Black and Hispanic
American patients in the Multiethnic Cohort are less likely to follow a Mediterranean-style
or DASH dietary pattern, and both have higher rates of obesity compared with White
Americans.24

Various interventions aim to improve diet and weight loss, but newer interventions target
differences in access. “Food is medicine” interventions often partner with community-based
organizations like food banks to increase healthful food availability for patients with chronic
diseases in health care settings. Food is medicine strategies include medically tailored meals
delivered to patients who cannot prepare their own meals or medically tailored groceries

for those who can cook. Food “farmacies” provide produce and sometimes other healthful
foods like lean meats and low-fat dairy to patients in a clinical setting. These programs can
increase fruit and vegetable intake and reduce hospital admissions and health care costs.2°
Community gardening projects and introduction of new retailers to food deserts may also
improve accessibility of healthful foods.

Smoking is the most important risk factor for PAD, and smoking cessation is critical for
reducing morbidity and mortality in patients with PAD. American Indian/Alaska Native
American patients have higher rates of smoking than other racial and ethnic groups and,
although smoking rates have decreased overall, the quit ratio for Black American and
American Indian patients has been lower.28 The quantity and time interval of tobacco use
associates directly with the development and evolution of PAD in Black American patients,
and those who continue to smoke experience increased mortality and higher amputation
rates.27:28
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DISEASE PRESENTATION

Given comparable PAD severity and comorbidities, Black patients with PAD present with
a disproportionately increased risk of amputation across socioeconomic strata compared
with other groups.2® Beyond access to care/resources and health care professional bias,
other explanations for racial differences in disease distribution include the disproportionate
representation of diabetes, kidney disease, metabolic syndrome, and inflammation.2°

Black patients present with more advanced CLI/CLTI, including gangrene or foot sepsis,
compared with White patients with CLI/CLTI who tend to present with ulcers or rest
pain.2%-31 Black patients tend to have lower ABIs, increased arterial stiffness, small vessel
disease, and more severe infrapopliteal disease. In the inpatient setting, American Indian
patients have the highest prevalence of presenting with PAD with CLI/CLTI; whereas Black
and Hispanic patients have the higher rate of amputation.32 Even while adjusting for PAD
severity and comorbidities, Black patients with CLI/CLTI are less likely to undergo limb
salvage revascularization and instead are more likely to undergo major lower extremity
amputation compared with White patients,29:30

VASCULAR INTERVENTION

Arterial Bypass

Disparities in the use and outcomes of invasive lower extremity arterial procedures have
been a significant barrier to providing effective treatments for patients with PAD across
many regions of the United States. Surgical treatments such as lower extremity arterial
bypass are effective in limiting amputation, but only if these treatments are offered in a
timely fashion and are accompanied by appropriate, guideline-directed medical therapy.
However, large datasets examining national practice patterns have shown that patients who
live in certain regions of the United States, especially Black, Hispanic, and Native American
populations, are less likely to be offered invasive treatments.33 Furthermore, when these
treatments are performed, these racial and ethnic groups have 10% to 30% higher rates of
complications and are often at higher risk for limb loss in the period immediately after
surgery and at 3 years.33

Percutaneous Treatment

Percutaneous treatment has been used to prevent amputation and improve quality of life

in patients with symptomatic PAD. A recent study using the Vascular Quality Initiative

from 2003 and 2017 demonstrated that there are disparities for patients who are Black
compared with patients who are White in infrainguinal revascularization procedures and
their clinical outcomes.3* The authors observed that Black patients were at increased risk
for 30-day mortality, long-term mortality, and major adverse limb events, and were often
younger and had higher rates of diabetes, hypertension, and chronic obstructive pulmonary
disease than their White counterparts. In a study of patients who underwent peripheral
arterial interventions in California, between 2005 and 2009, Hispanic and Black patients had
worse amputation-free survival than non-Hispanic White patients after endovascular therapy.
In addition, Hispanic and Black patients were more likely to undergo lower extremity
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arterial re-interventions than non-Hispanic White patients. Lower income areas and Black
race is actually associated with higher rates of endovascular therapy for claudication.3%:36

In patients with claudication, differences in risk factor burden appear to drive disparities in
outcomes after endovascular therapy.3°

Limb Loss From Diabetes and CLI/CLTI

The combination of diabetes and PAD leads to higher complication rates than either disease
process alone.3” The synergistic effect of diabetes and PAD especially affects Native
American populations, who have amputation rates that are greater than those of similar
non—Native American populations (Figure 1). In patients undergoing revascularization for
CLI/CLTI, Black and Hispanic patients had higher rates of amputation even accounting for
anatomic and risk factor burden.38 Rates of major lower extremity amputation are higher

in areas with a higher proportion of Black adults and lower median household income.3°
Adjuncts to prevent amputations, such as hemoglobin Alc testing, vascular assessment of
circulation, and diabetic foot examinations, are used less commonly in these racial and
ethnic groups.

Amputation Outcomes

When patients are treated with amputation, these same challenged racial and ethnic

groups, African American, Hispanic, and Native American, continue to experience similar
disparities. Patients in these groups are less likely to receive a minor amputation or a
below-knee amputation compared with a major above-knee amputation. Likewise, survival
after amputation and quality of life is worse in these groups (ie, they are less likely to walk
with a prosthesis and more likely to reside in a nursing home).3! Improving these outcomes
will be challenging, because many of the structural aspects of care that led to the amputation
manifests itself in these later outcomes.

Differences in the risk factors, clinical presentation, management, and outcomes across race
and ethnicity in patients with PAD are summarized in Table 2.

MECHANISMS MEDIATING THE RACIAL DISPARITIES IN PAD

Vascular Health Measures

Evidence suggests pathophysiological drivers of the clinical expression of PAD differ across
self-reported race and ethnicity.*0 Several studies document accentuation of vascular aging
with reduced endothelial function, increased arterial stiffness, and increased oxidative stress
in Black American patients (and in some studies of Hispanic American patients).4® In
healthy adults, Black American women display reduced skeletal muscle mitochondrial
function that may reflect increased oxidative injury. Systemic inflammation associates

with poor functional capacity in PAD and biomarkers, including C-reactive protein and
fibrinogen, are elevated in Black compared with White Americans.*2 Microvascular disease
is a key predictor of amputation risk and is more prevalent in Black than in White Americans
in the Veterans Aging Cohort Study.*3 Racial differences in vascular health reflects, in

part, a higher burden of cardiovascular risk factors, including diabetes, smoking, and
hypertension. Emerging evidence also links social determinants of health to alternations
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in vascular health.#4 Limited data suggest that genetic determinants of PAD may be distinct
across ancestry, but more information is needed from diverse samples.*

Social Determinants of Health

Social determinants of health are linked to the development of PAD. Prevalence studies
show higher rates of PAD with lower income, lower education levels, and less social support
with higher risk for amputation with lower socioeconomic status.2%46 Current frameworks
link structural health elements, including economic status, built environment, education
access, health care access, food quality, and community resilience to chronic stressors

and downstream adverse physiological effects, including chronic inflammation.#4-47 Racial
discrimination is associated with elevated biomarkers of systemic inflammation and
vasoconstrictor responses in Black American men related to higher sympathetic nerve
activity, potentially reflecting influence of chronic stress.#® Accelerated vascular aging
related to adverse social determinants of health may also be driven by epigenetic alterations,
including DNA methylation and shortened telomere length.** Public health interventions
targeted at the social determinants of health are likely to improve the clinical status of
patients with PAD across diverse racial groups.

OPPORTUNITIES TO MITIGATE PAD DISPARITIES

Overall strategies to reduce disparities in PAD are summarized in Table 3 and Figure 2.

System-Based Differences

Mitigating the effects of differences in the outcomes of PAD is a multifaceted challenge and
needs to begin with the structural differences in the way health care is provided. The health
care organizations that provide care to patients with PAD, from primary care to subspecialty
evaluation to revascularization to recovery, need to optimize cost-effective interventions at
every step. For example, patients with PAD should routinely receive low-cost preventive
measures, such as hemoglobin Alc testing, ABI testing, and diabetic foot examinations.
However, these adjuncts sometimes arrive years after a PAD diagnosis and this challenge
exists across all racial groups.11 More efficient delivery of these low-cost mechanisms may
help to limit overall PAD spending in the long run by preventing problems before they occur.
The electronic medical record has yet to be leveraged in PAD in the way that it has with

the use of pooled cohort risk equations for the use of statins and antihypertensive therapy

to reduce cardiovascular complications. Continued research exploring the role that clinical
decision support tools have in the early identification and management of patients at high
risk for PAD is necessary.

Physician Workforce

Various studies have validated the benefit of physician-patient racial concordance in health
care outcomes. Improved medication adherence, research trial enrollment, and patient
experience are variables confirmed to be positively affected.? The effect of creating a
racially, ethnically, and culturally diverse physician workforce is essential in a country in
which non-White racial and ethnic groups will collectively become the majority by 2050
on the basis of US census data. Efforts focused on early engagement of young adults from
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racial, ethnic, and low-socioeconomic groups to science and mathematics are essential to
close the achievement gap that begins as early as preschool and may, in some instances,
continue throughout formal education.?9 Such efforts are necessary to enhance diversity

in the pool of physicians underrepresented in medicine who are more likely to return to
practice in diverse and underresourced communities. Evidenced-based approaches to address
cultural competency should be routinely used to bridge the gaps in the care of our diverse
patient population.5?

Community Education Models

Conclusions

Public health efforts aimed at educating the public and communities about PAD may
improve general awareness in the community. Several studies have laid the ground-work for
barbershops as a venue for health outreach among Black men. Most recently, studies have
shown that barbershop-based screening and follow-up is effective at lowering blood pressure
and promoting healthy behaviors in Black men. In a pilot study for PAD screening in
Cleveland barbershops, screening using the ABI, and an educational video on PAD, as well,
significantly increased performance on a PAD awareness survey representing knowledge
about the disease.?? More clinical trials and community-based research studies are needed to
help understand where and why disparities exist and help create more avenues to diminish
their existence and increase health equity.

A confluence of social, economic, and health variables contribute to the disproportionate
prevalence of PAD in the heretofore described demographic groups. Distinguishing the
precise contribution of these respective factors is not possible. Suffice it to say that a
holistic view of this disorder is necessary to craft the appropriate complement of tiered
strategic measures if we are to successfully address the burden of those most susceptible to
developing PAD that affects Americans most vulnerable to its consequences.
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Figure 1. Prevalence of peripheral artery disease by race in men (A) and women (B).
AA indicates African American; Al, American Indian; AS, Asian American; HS, Hispanic

American; and NHW, non-Hispanic White. Reprinted from Allison et al.1 Copyright 2007,
with permission from American Journal of Preventive Medicine, published by Elsevier, Inc.
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Table 3.

Strategies to Reduce Health Care Disparities in PAD

Systems-based
interventions

Optimization of cost-effective approaches to mitigate structural differences in how health care is provided.

More efficient delivery of low-cost preventative measures (ie, hemoglobin Alc testing, ankle brachial index testing, and
diabetic foot examinations).

Leveraging of the electronic medical record to support peripheral artery disease—specific clinical decision support tools
for the early identification and management of high-risk patients.

Assessing and addressing social determinants of health to reduce bias.

Physician
workforce
interventions

Creation of a racially, ethnically, and culturally diverse workforce. Early engagement of young adults from racial, ethnic,
and low-socioeconomic groups to science-based careers.

Promotion of evidence-based approaches to address cultural competency.

Development of international expertise in peripheral artery disease management.

Community
education models

Public health efforts aimed at peripheral artery disease education integrated into the community (ie, the “barbershop”
model).

Increased clinical trials and community-based research to understand why disparities exist and to create avenues to
increase health equity.

PAD indicates peripheral artery disease.
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