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4. Rationale

Prolongation of the electrocardiographic QT interval is associated with increased risks of
total, cardiovascular, and sudden cardiac death.”™** Sodium, potassium, and calcium are
all important ion channel currents in determining the cardiac action potential duration.*?
The inward sodium current is responsible for the phase 0 depolarization. Gain-of-function
mutation of the sodium channel leads to QT interval prolongation, as the abnormal
sustained sodium current delays cardiac repolarization.*® Intracoronary infusion of
normal saline in patients with variant angina showed significant increase in the QT
interval.* Calcium is the main current in phase 2 repolarization. Hypocalcaemia
prolongs the QT interval while hypercalcemia shortens the QT interval.*® Potassium,
being responsible for the outward repolarisation currents, is also one of the main
determinants of the QT interval. Reduction in serum potassium results in slower
repolarisation and prolongation of QT intervals. Conversely, intravenous potassium
infusion normalizes QT prolongation. **** Magnesium is previously thought to have no
significant effect on the action potential in the absence of hypocalcemia.** However,
some studies reported that oral or intravenous magnesium attenuated the QT interval
prolongation by class 111 antiarrhythmics.*®*’ It is worth noting that most of the observed
associations between electrolytes and QT interval were based on animal studies, studies
of genetic mutations, or non-physiological levels of electrolytes.

On a parallel note, serum phosphorus levels are generally inversely proportional to serum
calcium levels, and there is a delicate balance between the two. Disturbances of calcium
and phosphorus metabolism were associated with higher risks of cardiovascular and total
mortality.’>** However, the relationship of serum phosphorus with QT interval is largely
unexplored.

Using the ARIC data, we aim to evaluate the associations between physiological levels of
electrolytes and the QT interval duration. In addition, we will be analyzing the NHANES
111 data concurrently, and combine the results from these two large cohorts of the general

population.

5. Main Hypothesis/Study Questions

The purpose of this analysis was to evaluate the association between physiologic levels of
electrolytes (sodium, calcium, potassium, magnesium, and phosphorus) and QT interval
duration in the general population.

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)



The study will use visit 1 ARIC data. Included will be all ARIC participants for whom
biochemistry measurements of serum electrolyte as well as QT interval on ECG is
available. Excluded will be anyone with QRS>120ms, or for whom electrolytes or QT
interval data is missing.

Primary outcome will be QT interval duration, with concomitant adjustment for age, race,
sex and RR-interval duration in the models. In addition, sensitivity analysis using Bazett's
equation-corrected QT interval duration will also be conducted.

Exposure of interest will be electrolytes including serum sodium, calcium, potassium,
magnesium, and phosphorus.

We will categorize the distributions of electrolytes into quartiles based on the population
distribution. Adjusted means and 95% confidence intervals (Cls) for QT interval duration
by quartile of electrolytes will be calculated from multivariable linear regression models.
Progressive degrees of adjustment were used. The fully adjusted will likely include age,
race, sex, RR-interval, BMI, smoking, alcohol, education, total cholesterol, HDL,
hypertension, diabetes, history of myocardial infarction, creatinine-based eGFR, and
serum albumin. We will also test linear trend across quartiles of exposures. Sensitive
analysis includes using electrolytes as continuous variables in the model, and interactions
by pre-specified subgroups.

We will be performing parallel analysis in NHANES Il1, and combine the results from
these two large cohorts of the general population.
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