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3. Timeline: Data analyses will begin immediately. Goal completion by Jan 2015. 

4. Rationale:  

Vitamin D is the name for a group of secosteroids that are converted by the kidney to bio-

active vitamin D (calcitriol). Vitamin D is acquired though exposure to sunlight or UVB 

(vitamin D3) or through ingestion (vitamin D2 and D3). Vitamins D2 and D3 are 

converted by the liver to serum 25-hydroxyvitamin D (25(OH)D). 25(OH)D is a 

precursor for bioactive vitamin D, and has been traditionally viewed as the best 

biomarker for assessing vitamin D status. The Institute of Medicine defines sufficient 

levels of 25(OH)D as ≥20 ng/mL, although this level is not based on recommendations 

for cardiovascular health.
1
 In the United States approximately 25% of individuals are 

deficient in vitamin D, though this varies by race/ethnicity, with blacks having a higher 

prevalence of vitamin D deficiency than whites.
2
 



Low levels of serum vitamin D are associated with a worse cardiovascular risk profile, 

including a greater propensity for diabetes mellitus, high blood pressure, low HDL, and 

inflammation.
3,4,5,6,7

 Other research has associated low vitamin D with increased risk of 

CVD events.
9,10

 For instance, a recent meta-analysis of prospective studies and clinical 

trials in healthy individuals found 35% greater risk of CVD death in participants in 

lowest tertile of vitamin D level compared to the highest tertile.
11

 

Atherosclerotic lower extremity peripheral arterial disease (PAD) is defined by the 

presence of at least one high grade (>70%) stenosis in the arteries that supply the legs, 

usually present in the infrarenal aorta or more distal arteries. PAD prevalence in the US 

among those 40 and older is approximately 12.3%, which equates to more than 6.8 

million individuals.
12

  

There has been limited research into the association between 25(OH)D and PAD. Two 

previous cross-sectional analyses have used data from NHANES. In the first, Melamed et 

al reported that participants in the lowest quartile (<17.8 ng/mL) of vitamin D had a 

prevalence of PAD 1.80 (95% CI 1.19 – 2.74) times higher than participants in the 

highest quartile (≥29.2 ng/mL) after multivariate adjustment.
13

 Also using NHANES 

data, Reis et al. specifically evaluated the interrelation between race and 25(OH)D on 

PAD prevalence. The study showed 67% higher odds of prevalent PAD in blacks 

compared to whites after adjustment for known cardiovascular risk factors (95% CI 1.11, 

2.51). Additional adjustment for 25(OH)D reduced the odds ratio to 1.33 (0.84, 2.10), 

suggesting that 25(OH)D may explain racial disparities in PAD prevalence. Also, in a 

race stratified analysis, there was an interaction, with higher quartiles of 25(OH)D 

associated with lower prevalence of PAD in whites, but not in blacks.
14

  

The only existing prospective study of 25(OH)D and PAD incidence used electronic 

medical records of 41,504 patients in the Intermountain Healthcare system who had 

vitamin D measured for clinical indications (e.g. osteoporosis risk). The study found a 

hazard ratio of 1.42 (1.04, 1.94) for patients with low vitamin D (≤15ng/ml) compared to 

those with normal levels (>30).
 8

  

Existing research on vitamin D and PAD is limited in that it has been cross-sectional 

(NHANES) or prospective using a clinical sample (Intermountain Health System). 

Results from the Intermountain Health System may be biased and not generalizable as a) 

only patients with a clinically indicated vitamin D test (most often for suspected 

osteoporosis) were included in the study, and b) incident PAD information was not 

universally assessed, but rather, obtained from electronic medical records. Also, it is 

possible that patients with low vitamin D levels may have been more likely than the 

control group to seek follow-up care. 

As a prospective cohort the ARIC study is well positioned to fill a number of gaps in 

existing research. Results from the cohort would be generalizable, and can address racial 

differences. In addition to measurements of 25(OH)D, ARIC has information on related 

biomarkers such as eGFR, serum calcium, serum fibroblast growth factor 23, serum 

parathyroid hormone, serum phosphorus, and vitamin D binding protein SNPs rs7041 and 

rs4588. The information on vitamin D binding protein SNPs will allow for a more 



detailed analysis of the genetic basis for racial differences in the effect of 25(OH)D on 

PAD incidence. 

5. Main Hypothesis/Study Questions: 

We hypothesize that low 25(OH)D is associated with greater risk of incident PAD, and 

that this association is stronger among whites than blacks. 

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). 

Analysis Design 

This will be a prospective analysis.  25(OH)D was measured at visit 2, thus visit 2 will be 

baseline for the present analysis. PAD will be a dichotomous variable based on 

measurement of ankle brachial index (ABI) taken at visits 1, 3, 4 and 5, and on 

information from incident PAD hospitalization through 2011. 

Inclusion / Exclusion Criteria 

We will exclude from this analysis participants with: 

- Prevalent PAD (defined by an ABI of <0.9 at visit 1) at baseline, incident PAD 

between exams 1 and 3, and those with no ABI information at baseline.  

- An ABI at baseline of greater than 1.4 (indicative of arterial stiffness that 

interferes with ABI as a diagnostic tool for PAD).  

- Missing 25(OH)D levels.  

- Those who are neither African American nor white, and African Americans from 

the MN and MD centers. 

Variables 

Exposure: Serum 25(OH)D adjusted for season, as in previous ARIC papers.
15

 

Outcome: Incident peripheral artery disease, defined as an ABI of less than 0.9 at ARIC 

visits 3 or 4, or a hospital discharge code for peripheral artery disease during follow-up. 

Potential effect modifiers: Race, sex, and vitamin D binding protein known SNPs rs7041 

and rs4588. 

Demographic and behavioral covariates: Age, ARIC field center, education, physical 

activity, smoking status.  

Additional covariates: BMI, HDL cholesterol, LDL cholesterol, cholesterol medication,  

diabetes mellitus, eGFR, hs-CRP, hypertension medication, serum calcium, serum 



fibroblast growth factor 23, serum parathyroid hormone, and serum phosphorus, systolic 

blood pressure. 

Data Analysis 

Baseline analysis will include descriptive statistics of all potential covariates and effect 

modifiers, stratified by categorical vitamin D exposure groups. Vitamin D levels will be 

represented categorically, according to clinical cut points for deficient vitamin D (<20 

ng/mL), low vitamin D (20 to <30 ng/mL), and normal vitamin D (30+ ng/mL).  

Primary analysis will use a Cox proportional hazards regression to model the relationship 

between 25(OH)D clinical categories and time to incident PAD (defined as the date of the 

visit 3 or visit 4 ARIC examination, or date of hospital discharge). Secondary analysis 

will use restricted cubic splines to visually depict the association between 25(OH)D and 

incident PAD. 

In addition to an unadjusted model, we propose to model the relationship between 

vitamin D and PAD adjusting for several sets of covariates in nested models.  

 Model 1: age, sex, race (as appropriate).  

 Model 2: Model 1 + educational attainment, smoking status, physical activity, and 

BMI. 

 Model 3: Model 2 + prevalent diabetes, hypertension medication use, systolic 

blood pressure, LDL cholesterol, HDL cholesterol, cholesterol medication use, 

and hs-CRP  

 Model 4 (each covariate added separately): Model 3 + eGFR, serum calcium, 

serum fibroblast growth factor 23. serum parathyroid hormone, and serum 

phosphorus. 

Significance of effect modification will be tested by using cross product terms for 

potential modifiers. Stratified results will be reported, as appropriate. 

An important limitation of this analysis is that ABI was not measured at visit 2. We plan 

to use baseline values as a surrogate of ABI at visit 2. Will explicitly state this limitation 

in the manuscript text. 
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