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4. Rationale:  



    Peripheral artery disease (PAD) affects more than 8 million adults in the US and 

increases the risk of adverse health outcomes. 
1
 PAD is especially an important 

complication for those with chronic kidney disease (CKD), particularly at advanced 

stage. 
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  Indeed, the incidence of PAD is higher than that of myocardial infarction and 

stroke among patients on dialysis. 
5
 Of note, mildly to moderately reduced kidney 

function has been also linked to elevated risk of PAD in several reports. 
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    Since those reports were published, new equations for estimated glomerular filtration 

rate (eGFR) (e.g., the CKD-EPI equations) or novel filtration markers (e.g., β2-

microglobulin [B2M] and cystatin C) have demonstrated stronger associations with 

cardiovascular events as compared to a traditional measure of kidney function, creatinine-

based eGFR using the MDRD Study equation. 
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  However, to our knowledge, 

those new equations and novel filtration markers have not been exclusively tested for 

incident PAD risk.   

    Moreover, patients with kidney dysfunction are prone to have abnormal bone mineral 

metabolism, with altered levels of fibroblast growth factor 23 (FGF-23), parathyroid 

hormone (PTH), serum calcium (Ca), and serum phosphate (P).
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 Several studies 

suggest these biomarkers may partially explain excess cardiovascular risk among persons 

with kidney dysfunction 
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 but have not been exclusively evaluated in the context of 

PAD risk. In addition, it is unknown whether the associations of kidney filtration markers 

and PAD risk can be explained by altered bone mineral metabolism markers.  

    Therefore, we plan to comprehensively study the association of kidney function and 

bone mineral metabolism markers with future risk of PAD using data from the 

Atherosclerosis Risk in Communities (ARIC) study.  

 

5. Main Hypothesis/Study Questions: 

1. Kidney function will be independently associated with future PAD risk in general 

population, and the association will be particularly evident when novel filtration markers 

are used. 

2. FGF-23, PTH, Ca, and P will be associated with future PAD risk beyond kidney 

function.  

 

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 available measures of the variables of interest  

 

Exclusions: 
-Ethnicity other than black or white 

-Missing data on variables of interest 

-Participants with a clinical history of PAD at baseline (determined by self-report leg 

artery revascularization at visit 1 and any PAD-related hospitalizations prior to the visit 

of interest [visit 2 for primary analysis and 4 for secondary analysis]) 

 



Exposures:  

-Kidney function markers: 

 -eGFR based on serum creatinine and/or cystatin C (visit 2, 4, and 1 [only 

creatinine]) 

 -Cystatin C (visit 2 and 4) 

 -B2M (visit 2) 

 -β-trace protein (only visit 4) 

-Bone mineral metabolism related markers: 

 -FGF23 (visit 2) 

 -PTH (visit 2) 

 -Calcium (visit 2 and 1) 

 -Phosphate (visit 2 and 1) 

 

Outcomes: 

    Given the uniform data availability over follow-up, PAD cases will be primarily 

identified according to the following ICD codes based on previous literatures
19
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:  

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).      

    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 

that analysis for CLI. As a sensitivity analysis, we will also take into account self-report 

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

 

Other variables of interest and covariates: 

Socio-demographics: age, race, gender, education 

Physical information: blood pressure, body mass index, presence/absence of left 

ventricular hypertrophy by electrocardiogram 

Lifestyle: smoking status/amount and alcohol consumption 

Comorbidities: diabetes, dyslipidemia, coronary heart disease, stroke, heart failure, atrial 

fibrillation 

Medication use: use of anti-hypertensive medication and cholesterol medication 

 

Statistical analysis plan:   

    The primary analysis will use Cox proportional hazards models to quantify the 

prospective association of kidney function markers and kidney function related markers 

with incident PAD. These markers will be treated as both continuous variables with 

splines and categorical variables (quantiles and clinical categories if any) in the models. 

We will adjust for the covariates listed above. To test our main hypotheses, we will 

assess to what extent the associations of kidney function makers are attenuated after 

accounting for FGF23, PTH, Ca, or P, in turn. Also, we will assess whether the 



associations of FGF23, PTH, Ca, and P with PAD risk are independent of kidney 

function.  

    We will conduct a few sensitivity analyses. Firstly, we will repeat the analysis after 

stratifying the study sample by key demographic and clinical subgroups according to age, 

gender, race, smoking status and the presence/absence of diabetes, hypertension, chronic 

kidney disease, and history of other cardiovascular diseases at baseline. We will formally 

test interaction using likelihood ratio test. Secondly, we will treat incident end-stage renal 

disease (dialysis and kidney transplant) as a time-varying covariate. Finally, given the 

potential impact of the competing risk of death for estimating PAD risk, we will run Fine 

and Gray’s proportional subhazards models.
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