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4. Rationale:  

 

 Calcium is a mineral that is primarily found in the skeleton (99%) where it provides 

structural support and helps maintain calcium balance through extra-skeletal exchange.
1
 Non-

skeletal calcium serves a variety of functions throughout the body such as muscle contraction, 

vasoconstriction and vasodilation, and nerve transmission.
2
 Calcium is primarily obtained 

through dietary intake of dairy products, dark green leafy vegetables, calcium fortified foods, or 



supplementation.
3 

Serum calcium levels are tightly regulated by 1,25-dihydroxyvitamin D 

[1,25(OH)2D], parathyroid hormone (PTH), and ionized calcium.
1 

 Calcium has primarily been viewed in terms of bone health, but there is increasing interest 

as to its role in other diseases because of its tight regulation between the extracellular and 

intracellular space and within intracellular pools where it functions as an important second 

messenger and as a cofactor for some enzymes. An influx of calcium through calcium channels 

into pancreatic β-cells is required for insulin secretion.
4 
Cross-sectional studies have found 

associations with altered calcium homeostasis and prevalent diabetes as well as metabolic 

syndrome.
5
 Serum calcium levels have also been associated insulin resistance, fasting plasma 

glucose,
6,7 

glucose intolerance
8
 and beta cell function.

7
A case-control study found that 

individuals with type 2 diabetes had significantly higher serum calcium levels compared to 

controls.
9 

To date, there have been three prospective studies that found elevated serum calcium 

was associated with higher diabetes risk.
10-12 

One of these studies also found that those with the 

highest tertile of serum calcium change over a 7 year time-period had the highest risk of going 

on to develop T2DM.
12 

However, these prospective studies did not collect data on serum vitamin 

D and parathyroid hormone levels. Two of the studies used participants of primarily European 

descent, which may limit their generalizability.  

 The calcium-sensing receptor (CASR) is primarily located in the parathyroid glands and 

kidneys, where it helps tightly regulate serum calcium levels through PTH secretion and calcium 

reabsorption.
13

 In genetic-wide association studies, a single nucleotide polymorphism 

(rs1801725) within the CASR gene was associated with serum calcium levels in those of 

European ancestry.
14-15

 It is not yet known if this gene variant is also related to serum calcium 

levels in blacks. If the SNP is associated with serum calcium, the association may provide insight 

into the altered calcium homeostasis and potentially diabetes development. 

 

5. Main Hypothesis/Study Questions: 

 Elevated serum calcium will be independently associated with greater risk of 

diabetes. 

 SNP (rs1801725) found in CASR gene will be associated with greater risk of 

diabetes in whites. If this SNP is associated with serum calcium levels in blacks, we 

will test this hypothesis in blacks as well. We will also evaluate whether this SNP is 

an effect modifier of the association between serum calcium and diabetes risk. 

 

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 visit 1 

  

Inclusion/Exclusion 

Participants with missing data on serum calcium and diabetes status as well as those with 

prevalent diabetes at visit 1 will be excluded. Participants who are neither African American 

nor white as well as African American participants at the Maryland and Minnesota centers will 

be excluded. Participants with incomplete diabetes follow-up information will also be 

excluded. 



Variables 

Exposures:  

Primary: Total serum calcium was measured at visit 1. Approximately 40% of non-

skeletal calcium is bound to proteins, primarily albumin and globulin.
1
 As such, calcium 

will be corrected for albumin levels based upon the following equation: measured total 

calcium (mg/dL) + 0.8 [4.0 – serum albumin (g/dL)]. Albumin-adjusted calcium will be 

used for all analyses.   

 

Secondary: SNP (rs1801725) within the calcium-sensing receptor (CASR) gene. 

 

Outcome: Incident type 2 diabetes will be defined as fasting blood glucose ≥126 mg/dL, non-

fasting glucose ≥200 mg/dL, self-report physician diagnosis, or current medication use for 

diabetes. Incident diabetes will be examined up to, and including, visit 4. 

 

Main covariates: Age, race, center, sex, educational attainment, physical activity, smoking 

status, alcohol use, family history of diabetes, BMI, waist circumference 

 

 Potential effect modifiers: Age, race, sex, eGFR, rs1801725  

 

 Potential effect mediators: Parathyroid hormone, 25(OH)D, phosphorus 

 

Data Analysis 

Visit 1 will serve as baseline. Baseline participant data will be described by proportions or 

means stratified by serum calcium levels. 

 

Cox proportional hazards regression will be used to analyze the association of serum calcium 

and incident diabetes. Model 1 will adjust for age, race, center, sex, and educational 

attainment. Model 2 will further adjust for behaviors, including physical activity, smoking 

status, alcohol use, and family history of diabetes. Model 3 will further adjust for BMI and 

waist circumference. In model 4 will additionally adjust, in separate models, for parathyroid 

hormone, 25(OH)D and serum phosphorus. Age, race, sex, and eGFR will be examined as 

effect modifiers of the association between serum calcium and incident diabetes. In whites (and 

blacks if rs1801725 is associated with calcium levels), we also will examine if the SNP 

(rs1801725) is associated with incident diabetes, and whether it modifies the association 

between serum calcium and diabetes.  

 

In sensitivity analysis, we will exclude participants who use diuretics. 
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