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4. Rationale:

In epidemiologic studies, low levels of serum 25-hydroxyvitamin D have been associated
with increased risk of cardiovascular disease.* Mechanisms through which vitamin D
may reduce cardiovascular risk include modulation of inflammatory processes, inhibition



of the renin-angiotensin-aldosterone system, and enhancement of insulin sensitivity, to
name a few. Through similar mechanisms, low levels of circulating vitamin D could
affect the risk of developing atrial fibrillation (AF), a common cardiac arrhythmia.

Despite the biological plausibility for an effect of vitamin D on AF risk, the
epidemiologic evidence thus far does not support the presence of an association. An
analysis of the Framingham Heart Study found that serum concentration of 25-
hydroxyvitamin D was not associated with AF risk (HR 0.99, 95%CI 0.88-1.10 for a 1-
SD increment in vitamin D levels).” Similarly, serum concentrations of 25-
hydroxyvitamin D were not associated with AF risk in the Multi-Ethnic Study of
Atherosclerosis (MESA) and Cardiovascular Health Study (CHS) (HR 0.92, 95%CI 0.81-
1.03 and 1.00, 95%Cl 0.88-1.14 per 10 ng/mL increase, respectively).®

However, the published studies leave some questions unanswered. Specifically,
these studies did not assess the impact of vitamin D binding protein (DBP) levels, a
modifier of vitamin D bioavailability, on the associations, as well as the potential
interaction with magnesium concentrations, which affect levels of parathyroid hormone
(PTH)* and are associated with the risk of AF.> Similarly, no previous studies have
explored the association of vitamin D3 epimer with AF risk. Finally, they have limited
sample size, which may have led to reduced statistical power to identify associations of
small to moderate strength.

5. Main Hypothesis/Study Questions:
We propose to address the following aims:
1. To determine the association of serum 25-hydroxyvitamin D levels (total and
epimer) with incidence of AF, in the entire cohort and by race.
2. To study the interaction between DBP genetic variants, vitamin D levels, and AF
risk.
3. To explore the potential interaction between serum magnesium and serum vitamin
D and AF incidence.
We hypothesize that lower levels of vitamin D will be associated with higher AF risk, but
that this association will only be observed among those genetically predisposed to high
DBP concentrations and thus lower predicted levels of bioavailable 25-hydroxyvitamin
D. Also, we hypothesize that the inverse association of vitamin D with AF risk will be
stronger among individuals with lower serum magnesium levels.

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 population

We will include ARIC participants examined at visit 2 with available data on serum
vitamin D concentrations. Participants will be excluded if they had prevalent AF at visit
2, had missing values in relevant covariates, had race other than white or blacks, or were
non-whites in the Minneapolis and Washington County field centers.




Participants who did not consent to genetic analyses will be excluded from analysis
including DBP polymorphisms.

Main independent variables

All measured in visit 2:
-Serum 25-hydroxyvitamin D (adjusted for season as described elsewhere).°
-25-hydroxyvitamin D epimer
-Serum magnesium

Outcome ascertainment

The outcome of interest, AF, will be defined as previously described. Briefly, AF is
defined as the presence of a study ECG with AF or atrial flutter, presence of ICD-9-CM
codes 427.31 or 427.32 in a hospitalization discharge, or AF as a cause of death (ICD-9
427.3 or ICD-10 148).

Other covariates of interest
We will consider the following variables as potential confounders:

- Age, sex, race/center, education, body mass index and height, physical activity,

alcohol intake, smoking
Variables that could be considered as confounders or mediators include:

- Systolic and diastolic blood pressure, use of antihypertensive medication, diabetes,
prevalent CHD, prevalent heart failure, NT-proBNP, C-reactive protein,
eGFRcysc-creat

Other covariates to be considered include molecules related to vitamin D metabolism:
calcium, phosphorus, PTH, and FGF-23, and the polymorphisms rs7041 and rs4588 as
proxies to levels of DBP.

Statistical analysis

The association of serum 25-hydroxyvitamin D concentrations with AF incidence will be
assessed with a Cox proportional hazards model. The appropriate modeling of 25-
hydroxyvitamin D will be explored using restricted cubic splines. An initial model will
adjust for the variables described as confounders above, while a second model will
additionally include those variables that could also be consider mediators. Supplementary
models will adjust for vitamin D metabolism-related molecules.

Interactions between DBP polymorphisms and 25-hydroxyvitamin D, and between
magnesium and vitamin D, will be explored through stratified analysis and including
multiplicative terms in the models. We will conduct additional stratified analyses by race,
sex, and eGFR.
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