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4. Rationale:



Peripheral artery disease (PAD) affects 8-10 million individuals in the United
States and more than 200 million individuals worldwide *. The most severe form of PAD
is critical limb ischemia (CLI), which is characterized by rest pain, ulcers, or gangrene.
Even with surgical intervention, as many as 40% of patients with CLI will require major
amputation at one year 2. Individuals with PAD also have twice the risk of overall
mortality, cardiovascular mortality, and major coronary events over 10 years compared to
those without PAD 3.

Both genetic and environmental factors are associated with PAD #°. Age, serum
cholesterol, hypertension, cigarette smoking, diabetes, and coronary heart disease are all
associated with an increased risk of PAD #. Regarding sex-based differences, there have
been mixed results. For example, a few community-based studies using low ankle-
brachial index (ABI) to define PAD reported that the prevalence of PAD is similar
between male and female participants®’. However, these studies may merely reflect a
property of ABI being higher in taller individuals since blood pressure may progressively
increase with greater distance from the heart, rather than representing similar disease
burden 8. In contrast, clinical data have shown that women are hospitalized for PAD less
frequently than men, but have a higher proportion of emergent admissions *°. However,
these studies have the critical limitation of not having denominator data (i.e., population
at risk), but only numerator data (i.e., PAD patients) for comparing the incidence rates of
PAD between men and women. Also, these clinical studies usually cannot address
whether sex differences in PAD can be explained by differences in risk factor profile,
since data are only available after or immediately prior to the diagnosis of PAD. There
have been few community-based studies with long-term follow-up which have rigorously
examined potential sex-based differences in PAD risk.

There have also been a number of studies describing racial disparities in PAD. In
a recent meta-analysis comparing PAD prevalence in different ethnic groups, blacks were
found to have the highest prevalence of disease, followed by whites and south Asians,
respectively 1. Notably, the race disparity for PAD is far greater than racial differences
observed for other cardiovascular outcomes 2. Black and Hispanic patients have also
been shown to have higher reintervention rates after vascular surgery compared to white
patients 13, and have a higher likelihood of amputation 34 However, the limitations
described above for sex-based differences in PAD risk would also be relevant to racial
difference, since stature differs by races and clinical database studies looking only at
PAD patients are not optimal to quantify racial differences in incident PAD. Also, to our
knowledge, only a few studies have explored sex- and racial-differences in PAD
simultaneously in a single study population 8. The proposed study is unique because it
examines sex- and racial-difference in hospitalizations related to PAD from middle age to
older age; it examines disparities associated with risk of both PAD and CLI; and it
explores the extent to which sex- and sex differences in incident PAD risk can be
explained by traditional risk factors, socioeconomic status, and/or access to care.

To overcome the important limitations in previous studies, we will seek to
describe sex- and racial-based disparities in the incidence of clinical PAD and CLI using
data from the Atherosclerosis Risk in Communities (ARIC) Study. We hypothesize that,
despite similar PAD prevalence based on ABI, the incidence of clinical PAD and CLI
will be higher in men than in women similar to the risks of other atherosclerotic diseases
such as coronary heart disease and stroke. For race, we hypothesize that the incidence of



PAD and CLI will be higher in black participants compared to white participants.
Understanding the differences in PAD risk for different races and sexes will help us
understand the disparities in treatment outcomes that are currently being reported 628,

5. Main Hypothesis/Study Questions:

PAD and CLI incidence will be higher in men than in women, and in black participants
compared to white participants.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Inclusions:
-All black and white ARIC subjects with variables of interest

Exclusions:

-Ethnicity other than black or white

-Blacks from Minneapolis and Washington County field centers

-Missing data on variables of interest

-Participants with a history of PAD at baseline visit of interest (determined by ankle-
brachial index <0.9 and self-report of intermittent claudication or leg artery
revascularization at visit 1)

Exposures:

Our primary exposures of interest will be race (white vs. black) and sex (male vs. female)
as reported at visit 1. Participants will be categorized by both sex and race to create 4
subgroups for comparison (White-Female; White-Male; Black-Female; Black-Male).

Outcomes:

PAD-related hospitalizations will be identified according to the following ICD codes
based on previous literature ® 1%: atherosclerosis of native arteries of the extremities,
unspecified (440.20); atherosclerosis of native arteries of the extremities with intermittent
claudication (440.21); atherosclerosis of native arteries of the extremities with rest pain
(440.22); atherosclerosis of native arteries of the extremities with ulceration (440.23);
atherosclerosis of native arteries of the extremities with gangrene (440.24); other
atherosclerosis of native arteries of the extremities (440.29); atherosclerosis of bypass
graft of the extremities (440.3); atherosclerosis of other specified arteries (440.8);
peripheral vascular disease, unspecified (443.9); leg artery revascularization (38.18,
39.25, 39.29, 39.50). Of these, 440.22, 440.23, and 440.24 will be considered CLI. Also,
we will consider any cases with the above code as CLI when the following codes coexist:
leg amputation (84.1x), lower extremity ulcer (707.1x), and gangrene (785.4).

Other variables of interest and covariates:
Sociodemographics: age, education, income, and insurance



Physical information: body mass index (visit 1), systolic and diastolic blood pressure, and
ankle-brachial index (ABI) obtained at visit 1

Lifestyle: smoking status/type of exposure, alcohol status, frequency of healthcare visits
Comorbidities: diabetes, dyslipidemia, hypertension, kidney function, coronary heart
disease, stroke, heart failure, atrial fibrillation

Laboratory values: HDL cholesterol, total cholesterol, fasting glucose

Medications: antihypertensive, antidiabetic, lipid-lowering, and antithrombotic drugs

Statistical analysis plan:

Our primary analysis will focus on the association between race and sex and 1)
incident hospitalized PAD and 2) incident hospitalized CLI.

We will estimate cumulative incidence of PAD and CLI across the four sex- and
racial-groups (White-Female; White-Male; Black-Female; Black-Male) using the
Kaplan-Meier method. Then, we will use Cox proportional hazards models to account for
the covariates listed above to quantify the association of the 4 groups with incident PAD-
and CLI-related hospitalizations over time. To evaluate whether sex and race have
uniquely strong associations with CLI, we will compare HR for PAD without CLI vs. that
for CLI using seemingly unrelated regression.

We will implement four models to account for the impact of potential mediators on
the race/sex —PAD relationship. Model 1 will be a crude (unadjusted) model. Model 2
will adjust only for age. Model 3 will further adjust for traditional atherosclerotic factors
including smoking status, drinking status, total cholesterol, HDL cholesterol, diabetes,
blood pressure, use of anti-hypertensive medications, and prevalent heart failure,
coronary heart disease, and stroke. Model 4 will additionally include socioeconomic
factors such as education level, income, insurance, and frequency of visits.

In addition, we will conduct sensitivity analyses by stratifying the study sample into
key clinical subgroups to assess whether the associations identified above are consistent
across an array of populations. Specifically, we will analyze the interaction between
race/sex and incident PAD and CLI for age, smoking status, diabetes, hypertension, and
history of cardiovascular disease (heart failure, coronary disease, and stroke) using the
likelihood ratio test. Finally, given the potential impact of the competing risk of death for
estimating PAD and CLI risk, we will run Fine and Gray’s proportional subhazards
models *°.

Limitations:

The main limitations of our study include potential race-site aliasing in ARIC, lack
of consistent ABI data over study visits, and our use of ICD-9 codes to identify incident
hospitalized PAD. We are attempting to limit the race-site aliasing by excluding Blacks
from the Minneapolis and Washington County field centers. The lack of ABI data is not
prohibitive, because the aim of our study focuses on clinically relevant PAD, which may
be expressed differently than subclinical (study-based) PAD. Finally, the ICD-9 codes we
use identify incident hospitalized PAD are well described, and thus their use will be
consistent with other literature published on this topic.
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