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3. Timeline: 
The analyses will use existing ARIC data, and manuscript preparation will be performed in the 
following 1 year.  



 
4. Rationale:  
Lower-extremity peripheral artery disease (PAD) is estimated to affect more than 200 million 
adults globally[1]. Persons with PAD have a significantly higher risk of cardiovascular morbidity 
and mortality than those without [2]. PAD is also associated with adverse lower-extremity 
outcomes, including intermittent claudication, reduced leg function, and critical limb ischemia 
(CLI) [3]. In some patients, the first manifestation of PAD can be CLI, a condition leading to 
either leg amputation or death in half of patients within a year after its diagnosis[4]. Thus, 
understanding risk factors of PAD is important for early detection and targeted prevention of 
PAD. 
 
Although the associations of lipid measures (especially conventional ones such as total 
cholesterol, high-density lipoprotein cholesterol [HDL-C], low-density lipoprotein cholesterol 
[LDL-C], and triglyceride) with coronary heart disease and stroke have been extensively studied 
[5-12], their associations with PAD are actually less understood. For example, total cholesterol, 
HDL-C and triglyceride are associated with incident PAD in some but not all studies[13]. 
Furthermore, non-conventional lipid measures such as small-dense LDL-C (sdLDL-C), remnant 
lipoprotein cholesterol (RLP-C), and LDL-triglyceride (LDL-TG) are found to be predictive of 
future cardiovascular diseases[14-23], , even in individuals not considered at increased 
cardiovascular risk based on conventional lipid measures [19, 22]. However, the data for these 
non-conventional lipid measures and PAD are sparse. A cross-sectional study found that RLP-C 
levels were elevated among PAD patients with intermittent claudication [24], but a case-cohort 
study reported that sdLDL-C was not associated with PAD[25]. Furthermore, a recent report 
from the Women’s Health Study suggested that triglyceride-rich lipoproteins may be particularly 
strongly associated with PAD [26]. However, this finding should be confirmed in men as well as 
other study settings. 
 
Therefore, we seek to comprehensively assess the relationship of conventional and non-
conventional lipid measures with incident PAD using data from ARIC. This biracial community-
based cohort will allow us to explore potential gender and racial interactions. Also, based on a 
large sample size with long follow-up over 20 years, we can uniquely evaluate CLI as an 
outcome. Understanding these relationships will may help clinicians better identify patients at 
high risk of PAD and prevent PAD and its subsequent complications.     
 
5. Main Hypothesis/Study Questions: 

• Both conventional and non-conventional lipid measures will be associated with incident 
PAD.  

• Of those, triglyceride-related or triglyceride-rich lipid measures (e.g., triglyceride, LDL-
TG and RLP-C) will be especially strongly associated with 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:  
Prospective cohort study. 
 



Inclusion criteria: 
All African American and white participants in the ARIC Study free of prevalent PAD at Visit 4 
who have lipid measures.  
 
Exclusion criteria:  

- Participants with prevalent PAD at visit 4 (i.e., ABI ≤0.9, self-reported peripheral 
revascularization, intermittent claudication based on the Rose questionnaire at visit 1 and 
PAD cases between visits 1 and 4).  

- Participants with missing data on lipids, other covariates of interest and incident PAD. 
- Participants who identified themselves as non-white/non-black. 
- Participants who did not fast for 8 hours  

 
Exposures: Lipid measures 

- Conventional lipid measures: Total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), estimated low-density lipoprotein cholesterol (LDL-C) by Martin’s 
method[27], triglycerides (TG), non-HDL-C, apolipoprotein A1 (apoA1), and 
apolipoprotein (apoB).  

- Nonconventional lipid measures: Remnant-like particle cholesterol (RLP-C), triglycerides in 
low-density lipoprotein (LDL-TG), small dense LDL cholesterol (sdLDL-C), and apo E-
containing high-density cholesterol (apoE-HDL-C).  

 
Outcome: 
Incident clinical PAD, identified based on hospitalization with ICD-9-CM codes based previous 
literature[28]: 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); endarterectomy, lower limb arteries (38.18); aorta-iliac-femoral bypass 
(39.25); other (peripheral) vascular shunt or bypass (39.25); angioplasty or atherectomy of other non-
coronary vessel(s) (39.50).  
 
Among PAD cases, those based on 440.22, 440.23, and 440.24 and those with coexisting codes 
of leg amputation (84.1x), lower extremity ulcer (707.1x), and gangrene (785.4) will be 
considered CLI. 
 
We will try to incorporate ICD-10 codes whenever possible.  
 
Covariates:  

- Sociodemographic data: age, race, gender, education level 
- Physical measurements: body mass index (BMI), systolic and diastolic blood pressure, 

estimated glomerular filtration rate (eGFR) 
- Associated medical comorbidities:  

• Antihypertensive medication use 



• Diabetes, defined as fasting glucose level ≥126 mg/dL (≥7.0 mmol/L), non-fasting 
glucose level ≥200 mg/dL (≥11.1 mmol/L), self-reported physician diagnosis, or 
use of antidiabetic medications 

• Prevalent coronary heart disease at visit 4 (self-reported clinical history and evidence 
of prior myocardial infarction by electrocardiogram at visit 1 and adjudicated events 
between visits 1 and 4). 

• Prevalent stroke (self-report at visit 1 and adjudicated events between visits 1 and 4) 
• Antihypertensive and antidyslipidemic medications in the past 2 weeks were 

determined by self-report and inspection of medication bottles brought to the visit.  
- Lifestyle factors: smoking status, pack-years of smoking, alcohol status, physical activity 

(will use data at visit 3), diet 
 

Statistical analysis plan:  
- Baseline characteristics will be compared among all participants with quartiles of lipid 

measures  
- Cox proportional hazards models will be used to analyze incident PAD based on different 

lipid measures as continuous (1-SD) and categorical (quartiles) variables 
• Model 1 will be crude. 
• Model 2 will be adjusted for demographic variables of age, race, and gender. 
• Model 3 will be built on model 2 and further adjusted for BMI, smoking, alcohol 

use, diet, education level, systolic blood pressure, diabetes, prevalent coronary 
heart disease, prevalent stroke, antihypertensive drugs and antidyslipidemic 
medication use.  

- We will conduct subgroup analysis by age, gender, race, smoking status, hypertension, 
diabetes, coronary heart disease, stroke and antihypertensive and antidyslipidemic 
medication use.  

- We will also evaluate the improvement of PAD risk discrimination by adding lipid measures 
to the base model with non-lipid traditional cardiovascular risk factors (i.e., age, gender, 
race, blood pressure, antihypertensive medication use, diabetes, and smoking). 

- When we test non-conventional lipid measures, we will also explore a base model including 
conventional lipid measures since non-conventional lipid measures should confer 
prognostic information beyond conventional lipid measures to have clinical relevance. 

- We will comprehensively contrast conventional and non-conventional lipid measures in 
terms of the strength of associations (hazard ratios per 1SD and quartiles) as well as 
discrimination improved as done previously [29] 

- We will repeat the analysis for CLI as an outcome 
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