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4. Rationale:

Peripheral artery disease (PAD) is the third leading cause of atherosclerotic vascular morbidity
after coronary heart disease and stroke, and this disorder affects more than 200 million
individuals around the world.t Although traditional atherosclerotic risk factors (i.e. smoking,
diabetes, hypertension and dyslipidemia) are considered to play important roles in the
development of PAD, there is a growing interest in identifying nontraditional biomarkers of PAD
since the contributions of risk factors to the development of PAD vs. other atherosclerotic
diseases are known to be different.2 2 Also, it is expected that some biomarkers may help identify
persons at high risk of PAD. This is an important aspect since most PAD patients are
asymptomatic or have atypical leg symptoms and the diagnosis of PAD usually requires referral
to vascular specialists for specific evaluation including ankle-brachial index.

In this context, we are interested in the potential role of magnesium in the development and
progression of PAD for several reasons. First, hypomagnesemia as defined by serum magnesium
< 1.6 mg/dL has been associated with a number of cardiovascular phenotypes such as heart
failure ¢ and sudden cardiac disease (SCD) 5. Second, magnesium plays an important role in the
synthesis of ATP, DNA, and proteins among other cellular functions. Indeed, various animal and
in vitro studies have demonstrated the strong association between magnesium deficiency and
systemic inflammation, and primary drivers of the inflammatory response include tumor necrosis
factor-alpha, interleukin-1, interkleukin-6, among others.®” Third, magnesium may protect
against vascular calcification through its interplay with calcium and phosphorous.® More
specifically, magnesium can bind to phosphate and protect against the formation of calcium-
phosphate nanocrystals® 0. Several observational studies predominantly analyzing patients with
end-stage renal disease (ESRD) have shown that hypomagnesemia may be associated with
vascular calcification or the development of PAD. Finally, a few interventional trials reported
protective effects of dietary magnesium administration on various outcomes including carotid
intimal thickness.* 2. However, those trials focused on ESRD patients.

To our knowledge, however, no large community-based study has explored serum magnesium
levels as a predictor of incident PAD. Using data from the ARIC Study, we will quantify the
associations of serum magnesium levels with the risk of PAD. In addition, with a follow-up over
25 years, the ARIC Study will allow us to explore uniquely the relationship of magnesium to
critical limb ischemia (CL1I), the most severe form of PAD as well.

5.  Main Hypothesis/Study Questions:
Are serum magnesium levels independently associated with risk of incident 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:
Multi-center population-based prospective cohort study**

Inclusion criteria:




All African American and white participants in the ARIC Study free of prevalent PAD at Visit 1
and with a serum creatinine (sCr) with data on serum magnesium (Mg) levels as well as possible
confounding covariates, and incident PAD.

Exclusion criteria:

- Participants who identified themselves as non-white/non-black.

- Participants with prevalent PAD at baseline (i.e., ABI<0.9, self-reported peripheral
revascularization, intermittent claudication based on the Rose questionnaire).

- Participants with missing data on serum magnesium and other covariates of interest, and PAD

Exposure:
- Serum magnesium level drawn at study visit 1 and visit 2 if available, measured by the Gindler

and Heth procedure by using the metallochromic dye calmagite [1-(1-hydroxy-4-methyl-2-
phenylazo)-2-napthol-4sulfonic acid].*

- Due to longer follow-up and a larger number of PAD cases, we will primarily analyze visit 1
magnesium and try to replicate the results using visit 2 magnesium.

- We will also evaluate the mean Mg level at visits 1 and 2 as well.

- We considered the possibility to explore dietary intake of magnesium, but prior work in the
ARIC study has demonstrated a weak correlation between dietary intake of magnesium, as
defined by food frequency questionnaires, with serum magnesium (r=0.053), potentially due to
limitations of evaluating magnesium intake from food frequency questionnaires. Thus, in this
proposal, we will focus on serum magnesium levels as the exposure of interest. Also, this
approach will be consistent with our original motivation of exploring a biomarker for PAD as
described in Rationale above.

Outcome:

- PAD-related hospitalizations will be identified with the following ICD codes based on previous
literature: 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); leg artery revascularization (38.18, 39.25, 39.29, 39.50).

- Of PAD cases described above, those with 440.22, 440.23, and 440.24 as well as any cases
with the coexisting code of leg amputation (84.1x), lower extremity ulcer (707.1x), and gangrene
(785.4) will be considered as Critical limb ischemia (CLI).

Covariates (not all covariates listed below are available at both visits 1 and 2, and for visit 1 and
visit 2 magnesium analyses, covariates at visit 1 and visit 2 will be used, respectively):

- Sociodemographic data: age, race, gender, education level, alcohol use

- Physical measurements: body mass index, systolic and diastolic blood pressure

- Serum electrolyte measurement: potassium, calcium, phosphorus

- Other biochemical data of interest: FGF-23, PTH, total cholesterol, HDL cholesterol

- Associated medical comorbidities:




e 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

e Prevalent coronary heart disease, defined as cases adjudicated by physician-panel
between visits 1 and 2 in addition to self-reported clinical history and evidence of prior
myocardial infarction by electrocardiogram obtained at visit 1.

- Medications, by self-reported use (antihypertensive medications, antiplatelet, diuretics, and
lipid lowering medications)

- Kidney function: eGFR, calculated using the CKD-EPI (CKD Epidemiology Collaboration)
equations based on demographical variables, age, gender, race, and either or both filtration
markers, serum creatinine and cystatin C. Serum creatinine was measured by a modified kinetic
Jaff_e method, and serum cystatin C and B2M were measured by a particle-enhanced
mmunonephelometric assay using a BNII nephelometer (Siemens Healthcare Diagnostics).16-18

Statistical analysis plan:
- Baseline characteristics will be compared among all participants with quartiles of magnesium
levels available at visit 1.
- Cox proportional hazards modeling will be used to analyze the time to development of PAD
based on magnesium levels, broken up into quartiles of serum Mg level
e Model 1 will be adjusted for baseline variables of age, race-center, gender, and education
level
e Model 2 will be adjusted further for smoking, BMI, diabetes, hypertension, lipids,
prevalent coronary heart disease, prevalent stroke, alcohol use, and medication use
e Model 3 will be further adjusted for potassium, phosphorous, calcium, FGF-23, and PTH
e Model 4 will be additionally adjusted for inflammatory markers available at relevant
visits (e.g., white blood cell count at visit 1 and high-sensitivity C-reactive protein at visit
2)
- We will include a sub-group analysis of development of PAD across CKD stages and by key
demographic and clinical subgroups (e.g., gender, race, diabetic status)
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