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4. Rationale:

Heart failure (HF) is a common cause of morbidity and mortality in the developed
world. At 40 years of age, the lifetime risk for developing HF is 20% for both men and
women®. Although some risk factors for heart failure are firmly established (e.g.



increasing age, hypertension, diabetes, antecedent myocardial infarction), given the high
societal burden of heart failure there is interest in identifying new characteristics which
may be associated with heart failure development.

Magnesium, phosphorous and calcium are micronutrients traditionally viewed in
relation to bone health or chronic kidney disease (CKD). Recent work has suggested
they may also be related to risk of cardiovascular disease (CVD). Magnesium is believed
to be linked to CVD risk through a broad range of physiological roles. Low levels have
been associated with impaired glucose homeostasis and insulin action, elevated blood
pressure, chronic inflammation, impaired vasomotor tone and peripheral blood flow, and
electrocardiogram abnormalities® . Epidemiologically, low serum magnesium has been
linked to both increased CVD risk factors*® and events® 2,

High phosphorous levels have also been associated with elevated risk of CvVD***
and poorer outcomes among chronic kidney disease patients'® in epidemiologic studies.
Although the mechanisms are not entirely clear, elevated serum phosphorous is thought
to influence CVD risk through vascular calcification'®, myocardial fibrosis®, and
development of left ventricular hypertrophy?*.

Results of epidemiological investigations exploring relations of serum calcium to
CVD have been mixed™* **>. Mechanisms linking calcium levels to risk of CVD are
similar to those proposed for elevated phosphorous.

Although prior studies have explored the relation of magnesium, phosphorous, and
calcium to risk of CVD risk factors and other CVD phenotypes, relatively little is known
about the relation of these micronutrients to risk of heart failure'**’. As such, we
propose to explore these relations in the ARIC cohort. Given the nature of the
micronutrients being explored as well as of heart failure, special attention will be paid to
racial/ethnic differences in associations, and whether or not the incident heart failure was
preceded by hypertension, CKD, diabetes and/or myocardial infarction.

Main Hypothesis:
Low serum magnesium will be associated with greater risk of incident heart failure.
High serum phosphorous will be associated with greater risk of incident heart failure.
Serum calcium will not be associated with risk of incident heart failure.
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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 from baseline to most recent follow-up.

Inclusion/Exclusion

Participants with prevalent heart failure at baseline will be excluded, as will those
who are neither African American nor white, and African Americans from the MN and
MD centers. For analyses where magnesium is the exposure of interest we will also
conduct sensitivity analyses to evaluate whether or not it is prudent to exclude
participants taking diuretics.




Variables
Exposures: Serum magnesium, phosphorous, calcium, calcium corrected for albumin®,
and calcium*phosphorous.
Note: In instances where the exposures were measured at both visits 1 and 2, we
will explore simply averaging the measures, or using a cumulative average approach,
in addition to looking at the baseline values.

Outcome: Incident heart failure based on hospital ICD codes

Potential effect modifiers and/or mediators: Race, sex, hypertension, diabetes, eGFR
(modeled as >90, 60-89, and 15-59 ml/min/1.73 m?) and myocardial infarction.

Other confounders: Age, sex, ARIC field center, education, physical activity, smoking
status, BMI, diabetes, LDL-C, HDL-C, triglycerides, and antihyperlipidemic
medication use. When evaluated as a confounder, we may use SBP and
antihypertensive medication use in lieu of prevalent hypertension. Serum potassium
will also be evaluated to determine whether it is a confounder.

Data analysis
Baseline characteristics of participants will be described using means and

proportions stratified by levels of the exposures (some may be in supplemental tables due
to space limitations). Cox proportional hazards regression will be used to explore
relations between serum magnesium, phosphorous, calcium and risk of incident heart
failure. The micronutrients will be modeled both as quintiles, and also according to
clinically relevant cut-points, where present. Cubic splines may also be used to visually
depict the associations, and aid in selecting the most appropriate representation.

Our first model will adjust for age, sex, and race*ARIC field center. Model 2 will
additionally adjust for education, physical activity, smoking status and BMI. Model 3
will further adjust for prevalent hypertension, diabetes, eGFR and CHD as well as LDL-
C, HDL-C, triglycerides, antihyperlipidemic medication use, and possibly serum
potassium. Sensitivity analyses will explore the impact of modeling hypertension,
diabetes, eGFR and myocardial infarction as time-dependent covariates. Updated
information on these variables will come from study visits, as well as annual follow-up
phone calls (i.e. HTN, DM) and events surveillance (i.e. Ml).

Cross-product terms will be used to evaluate whether race, sex, hypertension,
diabetes, kidney function, and/or myocardial infarction modify the relations of serum
magnesium, phosphorous and calcium to risk of incident heart failure. Stratified results
will be presented, as appropriate. Mediation will be considered present if beta
coefficients are altered by 10% or more upon inclusion of diabetes, hypertension, eGFR,
or myocardial infarction in the statistical models
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