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4. Rationale:  

Calcium and phosphorus are the electrolytes essential for maintaining normal human 

physiology and biochemistry. Studies show that high serum calcium levels are associated 

with greater risk of cardiovascular diseases 1, 2 and cardiovascular mortality3. Likewise, 

high serum phosphorus has also been independently associated with greater risk of 



cardiovascular disorders4-7. Additionally, among individuals with cardiovascular8 and 

nephrotic disorders9, elevated phosphorous is associated with poorer prognosis.  

 

Different echocardiographic measures are used to evaluate the structure and function of 

the heart. Echocardiographic markers of left ventricular (LV) structure and function are 

typically used to diagnose heart failure10, and abnormal indices have been associated with 

greater risk of incident AF11, coronary artery disease12, and stroke13. 

 

Previous research has examined the association of these two electrolytes with the 

measures of LV structure and function in patients with preexisting conditions. High 

phosphorus and increased calcium-phosphorus product has been associated with impaired 

LV function in renal patients14, 15, and uraemic patients16. Likewise, acute hypercalcemia 

from calcium infusion was also associated with LV dysfunction in patient with renal 

failure and secondary hyperparathyroidism17. In contrast, other studies found that low 

calcium was associated with LV dysfunction in renal patients18, and coronary artery 

disease patients19. However, if these results hold true in general population is not largely 

known. Therefore, utilizing the rich echocardiographic data of ARIC Visit 5, this study 

aims to further evaluate the cross-sectional association of serum calcium and serum 

phosphorus with the measures of LV structure and function, and to evaluate whether any 

observed associations are independent of traditional cardiovascular risk factors. 

 

5. Main Hypothesis/Study Questions:   

 

 Abnormal serum calcium will be independently associated with decreased LV systolic, 

decreased LV diastolic function, increased left ventricular hypertrophy and concentric 

hypertrophy 

 High serum phosphorus will be independently associated with decreased LV systolic, 

decreased LV diastolic function, increased left ventricular hypertrophy and concentric 

hypertrophy 

 

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 look into the association of serum phosphorus and serum calcium with LV 

systolic and diastolic function using a cross-section study design. Both the exposure data (serum 

Ca and serum P) and outcome data (echocardiographic measures of LV structure and function) 

will come from ARIC Visit 5. We’ll also examine the association of the calcium and phosphorus 

product to the measures of LV structure and function. 

 

Only individuals who attended ARIC Visit 5 will be included in the present analysis. We will 

exclude anyone with missing values for calcium and phosphorus as well as variables measuring 

LV structure and function. We’ll also exclude individuals with race other than black and white, 

and blacks from the MN and MD centers. Additionally, we’ll exclude those with prevalent heart 

failure at Visit 5 from our analysis. 



Main Exposure Variables:  

 Serum Calcium 

 Serum Phosphorus 

 

Main Outcome Variables:  

Our outcomes variables will be similar to those used in a previous ARIC analysis.20  

 

LV structure 

 LV end diastolic diameter 

 LV end diastolic volume index 

 LV maximal wall thickness  

 LV mass index 

 LV hypertrophy 

 LV mass to volume ratio (M:V) 

 LV relative wall thickness 

LV systolic function 

 LV ejection fraction 

 Longitudinal strain 

LV diastolic function 

 tissue Doppler imaging e’ (TDI e’) 

 E/e’ ratio 

 Left atrial volume 

 

Other covariates:  
Age, sex, race-center, BMI, eGFR, heart rate, systolic blood pressure, physical activity, 

smoking and drinking status, diabetes, HDL cholesterol, LDL cholesterol, use of lipid 

lowering medication, use of antihypertensive medications, presence of other comorbidities 

like CHD 

 

Statistical Analysis: 

Logistic Regression or Linear regression, as appropriate, will be used to look at the 

association between serum phosphorus and calcium with the variables measuring LV 

structure and function. The exposure variables will be modeled as continuous or categorical 

(in the form of quartiles) variables as appropriate. Multivariable adjusted mean and 95% 

confidence intervals will be calculated for echocardiographic parameters of LV structure and 

function. These echocardiographic variables will be log-transformed if not linear. P-value 

less than 0.05 will be considered significant. 

 

We’ll use these different models to test our research question. 

 Model 1: adjusted for age, sex, race-center (5-level variable) 

 Model 2: adjusted for Model 1 plus  BMI, EGFR, heart rate, systolic blood pressure, 

physical activity, smoking and drinking status, diabetes, HDL cholesterol, LDL 

cholesterol, use of lipid lowering medication, use of antihypertensive medications 

 Model 3: adjusted for Model 2 plus the presence of other comorbidities like CHD 

 



Any methodological limitations/challenges: 

Since we are using the cross-sectional data, we cannot establish temporality and therefore 

causal inference is limited. Measurement error may exist, as serum electrolytes may change 

over time, and we’ll only be considering serum values of calcium and phosphorus at Visit 5. 

There may be survival bias as Visit 5 individuals may represent the healthy population. 
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