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4. Rationale:  
Magnesium (Mg), as one of the most abundant cations in the human body, plays a critical role in 

several physiological, biochemical and cellular processes that regulates cardiovascular function. 

Mg is related to the pathogenesis and mechanism of some cardiovascular diseases, such as heart 

failure (HF), hypertension and cardiac arrhythmias [1]. Mg exerts antiarrhythmic properties into 

cells through modulation of myocardial excitability, influencing the risk of cardiac arrhythmias 
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[2]. About two decades ago, researchers found that serum Mg < 0.7 mmol/L, combined with 

signal average P wave duration, could identify the majority of patients with atrial fibrillation 

(AF) after coronary artery bypass surgery on the first postoperative day [3]. Later studies also 

suggest that Mg supplementation reduced AF incidence after cardiac surgery (e.g. RR=0.69, 95% 

CI 0.56-0.86 in a meta-analysis), showing its preventive effect on AF [4-6]. In the community-

based Framingham Offspring Heart Study and the Atherosclerosis Risk in Communities (ARIC) 

Study, an inverse association between serum Mg and the risk of AF has been described [7, 8]. 

Serum Mg is also related to coronary artery disease (CAD) prognosis. Researchers have reported 

serum Mg was associated with coronary heart and vascular disease deaths and hospitalizations 

and all-cause mortality inversely in the National Health and Nutrition Examination Survey 

(NHANES) [9] [10]. In a northern German population-based sample, low serum Mg (< 0.73 

mmol/L) independently predicted all-cause mortality and cardiovascular mortality, adjusting for 

established cardiovascular risk factors [11]. Among patients with myocardial infarction (MI), 

low serum Mg (< 0.87 mmol/L)  was associated with major adverse cardiac events (MACE), 

including death, MI, stroke and any revascularization [12]. 

AF—a very common cardiac arrythmia—shares risk factors and usually co-exists with coronary 

artery disease [13]. However, there is little information regarding the association between serum 

Mg and MACE among patients with AF, or the prognosis of AF patients. Moreover, the role of 

supplemental Mg in secondary prevention of AF is unknown. Therefore, we propose to 

investigate how serum Mg is related to MACE (cardiovascular death, stroke, MI), CAD and 

heart failure (HF) among patients with AF. 

The ARIC study has rigorously assessed AF and cardiac events endpoints, and measurements of 

cardiovascular risk factors. We anticipate that this study could fill in a gap in the literature and 

suggest a role for intervening upon low serum Mg for secondary prevention of AF 

complications. 

 
5. Main Hypothesis/Study Questions: 
We hypothesize that lower concentrations of serum Mg are associated with increased risk of 

MACE (cardiovascular death, stroke, MI), CAD and heart failure (HF) among patients with AF. 

 
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 

Prospective cohort study 

Baseline: visit 5. At visit 5, Mg measurements are available and numbers of incident AF events 

are sufficient. 

Follow-up: through 2018 

Inclusion and exclusion criteria 

• Inclusion: ARIC participants who had Mg measurements and had AF at visit 5 (including 

those who had prevalent AF at ARIC enrollment). 

• Exclusion: Participants who had missing Mg measurements; those who did not have AF 

or had missing AF data at visit 5; non-whites from the Minneapolis and Washington 

County field centers, and individuals other than white or African American. 

• The figure below provides sample size estimates: 

 

Exposure 

Serum Mg measured at visit 5 (2011-2013), using a colorimetric (xylidyl blue) method.[14] 

 

Outcomes 

Endpoints occurred from the end of visit 5 through 2018.  

Combined endpoint: major adverse cardiac events (MI, stroke, cardiovascular death) 

Separate endpoints: HF, MI, stroke and cardiovascular death 



The following table shows approximate numbers of events among eligible participants based on 

current available data. 

 

Table. Outcome frequencies among AF patients at visit 5 (N=413) 
Outcome N(%) 
HF 51 (12.4) 
Stroke 24 (5.8) 
MI 95 (23.0) 
Cardiovascular death 71 (17.2) 
Any events except cardiovascular death 156 (37.8) 
Any events above 186 (45.0) 

 

Covariates 

Age, sex, race/study center, BMI, smoking status, drinking status, SBP, LDL, HDL, diabetes, use 

of anti-hypertension medication, use of blood cholesterol medications, serum potassium, eGFR, 

MI history, stroke history, HF history. 

 

Statistical analysis plan 

First, we will explore the distribution of serum Mg in the sample and calculate its quintiles. 

Serum Mg will be categorized based on quintiles and, separately, using the normal range of 

thresholds of 1.7 and 2.2 mg/dL [15]. We will describe the baseline characteristics of our study 

population according to these categories, in frequencies (percentages) and means (standard 

deviations) for categorical variables and continuous variables respectively. For each outcome-

specific analysis (HF, stroke, MI) we will exclude those who had prior history before visit 5, but 

not for the combined endpoint. The incidence rates of outcomes will be calculated. Serum Mg 

will be modeled in both quintile categories and normal/abnormal categories (1.7-2.2mg/dL) and 

as a continuous variable. Next, we will use Cox proportional hazard regression to generate HR’s 

and 95% CI’s for the association between serum Mg and the risk of MACE, HF, MI, stroke and 

cardiovascular death. We propose the following models: 

1) crude model 

2) model 1+ age, sex, race/study center 

3) model 2+ BMI, smoking status, drinking status, SBP, LDL, HDL, diabetes, use of anti-

hypertension medication, use of blood cholesterol medications, serum potassium, serum 

creatinine, use of anticoagulants, use of aspirin 



4) model 3+MI history, stroke history, HF history 

 

Sensitivity Analyses 

In order to reduce the impact of missing covariates, we will consider use of multiple imputation 

by chained equations to impute missing values. After imputation, we will examine the robustness 

of the previous results. 
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