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4. Rationale:  

Numerous studies have shown inverse associations between serum magnesium levels and 
risk of cardiovascular disease (CVD) and adverse CVD risk factors.  In healthy individuals, 
serum magnesium is regulated by the kidneys, intestines, and bone with normal serum mg 
concentrations ranging between 0.7mM and 1.1mM.  In addition, serum mg may be influenced 
by aging, medication use, and dietary intake. Because serum mg is regulated, about 40-60% of 
dietary magnesium is usually absorbed; but when magnesium is low, as much as 80% can be 
absorbed. While women and men consume 271mg and 343mg of magnesium per day, 
respectively, the Recommended Daily Allowance for women is 310-320mg and 400-420mg in 
men.  As many as 75% of adults in the United States do not meet the RDA for dietary 
magnesium intake.   

Excellent food sources of magnesium include whole grains, nuts, fruits and vegetables, 
coffee, and tea.  Whole grain intake has been shown to be inversely associated with CVD, CHD, 
CAD, and type 2 diabetes. Intake of more nuts and of nuts in the context of a healthy diet pattern, 
such as the Mediterranean diet, decrease the risk of CVD and adverse cardiovascular events. 
Similarly, fruit and vegetable consumption has been observed to be protective of CVD and CVD 
risk factors, although study results are inconsistent. Specifically, apples, pears, citrus fruits, green 
leafy vegetables, and cruciferous vegetables showed the strongest inverse association with 
cardiovascular disease. Other studies have found no significant relationship with fruits and 
vegetables.  Studies about coffee consumption show null associations with risk of CVD, even 
among hypertensive individuals; although moderate coffee consumption may be beneficial for 
CVD.   
 When separated from the usual diet pattern, individual foods may or may not be associated 
with the CVD, suggesting a synergy between the foods in the diet pattern. To date, no studies 
have examined the association of a diet pattern rich in magnesium with risk of CVD. Therefore, 
we will examine the association between a diet pattern rich in mg and risk of developing CVD.  
We hypothesize that this diet pattern will be inversely associated with incident CVD, including 
CHD and ischemic stroke. 
 
5. Main Hypothesis/Study Questions: 

We hypothesize that a magnesium-rich diet pattern will be inversely associated with incident 
CVD. 

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 and population 
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The Atherosclerosis Risk in Communities (ARIC) Study is a population-based prospective study 
to examine cardiac health etiology and outcomes for middle-aged and older adults. Study 
participants were adults aged 45-64 years living in Forsyth County, NC, Jackson, MS, selected 
suburbs of Minneapolis, MN, and Washington County, MD, enrolling 15,792 participants. Data 
for these analyses include visits 1 and 3, and follow up for incident CVD events.  
 
Exclusions: 

• Prevalent CVD at baseline (n=xx) 
• Missing diet information from visit 1 (n=xx) 

o if missing from visit 3 we will use ppt visit 1 only  
• Participants with implausible dietary intake (n=xx) 

o For women, less than 500 or more than 3500 kcals/day 
o For men, less than 700 or more than 4500 kcals/day 

• Self-identify as neither white nor African American (n=xx) 
• African Americans from Maryland and Minnesota field centers (n=xx) 

Our final sample included xxx participants.  
 
 
Statistical Analysis 
Exposure variables 
Food groups (sv/day) obtained at visit 1 and visit 3 FFQ. 
 
Magnesium-rich diet score: A score will be created by summing the number of daily servings 
consumed of magnesium-rich foods (whole grains, fortified breakfast cereals, nuts, seeds, cocoa, 
leafy green vegetables, coffee and tea, beans, and fruits and vegetables).  
 
Outcome variable 
Incident CVD by 2019, including incident CHD and incident stroke.  
 
Covariates 
Age, sex, race, field center, education, energy intake, smoking, alcohol, physical activity, diet, 
medication use, eGFR, type 2 diabetes, BMI, hypertension, lipids. 
Remaining food intake score will be derived by principal components analysis (PCA; servings of 
the remaining food intake will be included in a PCA model)  
 
Models proposed for the analysis: 

• Model 1 is adjusted for age, sex, race, education, field center, energy intake. 
• Model 2 is adjusted for model 1 + lifestyle factors (smoking, alcohol, physical activity, 

remaining food intake score). 
• Model 3 is adjusted for model 2 + medications (anti-hypertensives, diuretics, lipid-

lowering medications, proton pump inhibitors, eGFR). 
• Model 4 is adjusted for model 3 + factors in the causal pathway (type 2 diabetes, BMI, 

hypertension, dyslipidemia). 
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