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3. Timeline: 

Since data for this project are already available, we anticipate to complete the project in 

approximately 6 months. 

  



4. Rationale:  

The association between socioeconomic status (SES) and cardiovascular disease is well 

established. Studies has consistently reported increased risk of coronary heart disease, 

stroke, heart failure and cardiovascular mortality in individuals of low SES.
1-4

 However, 

fewer studies have examined the relationship between SES and lower-extremity 

peripheral artery disease (PAD). PAD is associated with increased mortality risk and 

reduced quality of life.
5-6

  

Existing studies of the association between SES and PAD has been inconsistent. A 

number of studies has shown association between SES and high prevalence of PAD but 

some did not find such association.
7-11

 It should be noted that none of these studies has 

prospectively examined the association between SES and PAD. Consequently, it is not 

well established whether or not low SES is associated with risk of PAD. Moreover, the 

potential role of cardiovascular disease risk factors in the association between SES and 

PAD is unclear. Identification of socioeconomic disparities in PAD might be helpful in 

directing resources to reduce or eliminate risk of PAD in disadvantageous groups and 

thereby help in achieving the American Heart Association 2020 Impact Goal of 

improving cardiovascular health of all Americans by 20%.
12

 

In a large longitudinal study, therefore, we aim to examine the association between 

SES and PAD. We will examine the association of individual and area based SES 

assessed in middle age of participants with incidence of PAD. We also aim to understand 

factors that might account for an association between SES and PAD. 

  

5. Main Hypothesis/Study Questions: 

Study question 1: Whether, if at all, low SES is associated with incidence of PAD? 

Study question 2: If association exists, whether established cardiovascular disease risk 

factors explain the association between SES and PAD? 

 

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). 

Study Design: We intend to use prospective data (visit 1 to 5) to explore those study 

questions. 

 

Inclusion/exclusion: Participants with no clinical history of PAD at baseline will be 

included. Participants with missing information on SES measures (household income, 

educational attainment and area deprivation index), PAD and missing information on 

covariates of interest (i.e. total cholesterol, high-density lipoprotein cholesterol, systolic 

blood pressure, diastolic blood pressure, antihypertensive medication use, diabetes, body 

mass index, physical activity index (sport), alcohol use, tobacco use) at visit 1 (1987-

1989) will be excluded.  

 

Exposure: SES  

SES will be defined using household income, educational attainment and area deprivation 

index of participants. We aim to use SES measures separately. Using a composite SES 

measure (from individual SES measures) might provide more comprehensive SES 



assessment but it gives little information about potential pathways that link low SES to a 

health outcome.
13

  

 

Outcome: Incident PAD 

Given the uniform data availability over follow-up visits, we will primarily define PAD 

using hospital records. In line with previous literatures,
14,15

 we will use following ICD 

codes for identification of PAD: 440.20 (atherosclerosis of native arteries of the 

extremities, unspecified); 440.21 (atherosclerosis of native arteries of the extremities with 

intermittent claudication); 440.22 (atherosclerosis of native arteries of the extremities 

with rest pain); 440.23 (atherosclerosis of native arteries of the extremities with 

ulceration); 440.24 (atherosclerosis of native arteries of the extremities with gangrene); 

440.29 (other atherosclerosis of native arteries of the extremities); 440.3 (atherosclerosis 

of bypass graft of the extremities); 440.8 (atherosclerosis of other specified arteries); 

443.9 (peripheral vascular disease, unspecified); 38.18, 39.25, 39.29, 39.50 (leg artery 

revascularization).      

In additional analyses, cases with 440.22, 440.23, 440.24 or those with PAD codes 

plus codes for amputation, ulcer, or gangrene will be considered as critical limb ischemia 

(CLI) and we will repeat analysis for CLI. We will also repeat our analysis for self-report 

of a PAD diagnosis assessed at a clinic visit or during an annual telephone call. 

 

Summary of data analysis: 

For prospective association between SES household income and educational attainment 

and PAD, survival analyses will be conducted using Cox proportional hazard models. For 

association between area of residence and PAD, multi-level analysis will be performed. 

To assess the association between SES and PAD, we will adjust for demographic factors 

(i.e. age, gender and race-center). To assess whether established cardiovascular disease 

risk factors explain the association between SES and PAD, in case association between 

SES and PAD is significant, we will additionally adjust for major cardiovascular disease 

risk factors (i.e. total cholesterol, high-density lipoprotein cholesterol, systolic blood 

pressure, diastolic blood pressure, antihypertensive medication use, diabetes, body mass 

index, physical activity index (sport), alcohol use, tobacco use). Moreover, to estimate 

the attribution of aforementioned cardiovascular disease risk factors to the SES-PAD 

association, we will add cardiovascular disease risk factors individually and then together 

to the base model (adjusted for demographic factors) and estimate the reduction in 

regression coefficient of the SES-PAD association. Percentage reduction in regression 

coefficient will be estimated by using formula: ((β base model - β model (after adding 

one risk factor or all risk factors together))/β base model)*100. 

For historical reasons African-Americans have poor educational attainment and less 

economic opportunities and consequently, disproportionately high number of African-

Americans belong to low SES. Therefore, we will test the interaction between SES and 

race, and will stratify these analyses by race. 

 

Anticipated methodological limitations or challenges:  

PAD is often identified in the outpatient setting. Thereby, ascertaining PAD from hospital 

discharge records might result in missing a number of PAD events. Because access to 

care is associated with SES, ascertaining PAD from hospital discharge records might 



influence the association between SES and PAD. Moreover, self-reported PAD and lower 

extremity revascularization are often misreported. 
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