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4. Rationale:  

 Parathyroid hormone (PTH) helps to regulate circulating calcium concentrations by 

promoting resporption of calcium from the skeleton, suppressing urinary calcium loss, 

and enhancing the formation of calcitriol, the active metabolite of vitamin D.  PTH levels 

are elevated in primary hyperparathyroidism and secondarily in vitamin D deficiency, 

chronic kidney disease, and other conditions. 



 Recent evidence has linked elevated PTH concentrations with insulin resistance, beta 

cell dysfunction, and dysglycemia [1-5], which may eventually lead to the development 

of diabetes.  Indeed, studies of patients with primary hyperparathyroidism have shown a 

higher prevalence of diabetes compared to control populations [6-9]. While this evidence 

has suggested a role for PTH in the development of diabetes, these studies have primarily 

included small numbers of patients recruited from medical clinics.  In addition, these 

studies have almost exclusively included white adults.  Blacks are known to have a 

higher prevalence and incidence of diabetes [10, 11], higher concentrations of PTH [12], 

and differences in PTH-calcium metabolism compared to whites [13-15].   

 The objective of the current proposal is to examine the association of PTH with the 

incidence of diabetes in the ARIC study, a community-based cohort of white and black 

adults originally recruited in 1987-89.   

 

5. Main Hypotheses: 

 

1. Serum PTH will be positively associated with risk of diabetes.   

2. The association between PTH and diabetes will be stronger among whites than 

among African Americans. 

3. The positive association will remain after exclusion of those with suspected 

primary hyperparathyroidism and when analyses are restricted to those with 

normal kidney function. 

 

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 from visit 2, when serum PTH was measured, with follow-

up for incident diabetes.  

  

Inclusion/Exclusion 

 Participants with prevalent diabetes and those missing data on PTH and diabetes 

status at visit 2 will be excluded, as will those who are neither African American nor 

white, and African Americans from the MN and MD centers (due to small numbers).  We 

will further exclude those with no follow-up or incomplete incident diabetes information.   

 

Variables 

  Exposures:  

Primary: Serum PTH (measured in visit 2 serum).  PTH will be used as a continuous 

variable, classified into categories according to the total population, and 

dichotomized by a clinical cut-point of 65 pg/mL.  

 

 Outcome:  

- Primary: Incident type 2 diabetes will be identified at ARIC visits 3 and 4 by 

meeting any of the following four criteria: 1) fasting glucose level of at least 7.0 



mmol/L (126 mg/dL); 2) nonfasting glucose of at least 11.1 mmol/L (200 

mg/dL); 3) current use of diabetes medication; or 4) a positive self-reported 

physician diagnosis.  Date of occurrence of diabetes will be assigned according 

to the method of Duncan and colleagues [16]. 

- Secondary: Incident self-reported physician diagnosis or use of diabetes 

medications from the annual telephone calls after visit 2 among persons without 

diabetes diagnosed at baseline. 

If results are consistent across definitions, we will consider combining the two 

definitions to form a single diabetes outcome variable. 

 

 Main covariates: Age, race, center, sex, education, season of blood draw, physical 

activity, smoking status, alcohol use, family history of diabetes, serum calcium, 

phosphorus, 25(OH)D, BMI, and eGFR (modeled as ≥90, 60-89, and 15-59 

ml/min/1.73 m
2
).  eGFR will be calculated using both creatinine and cystatin-C [17].   

 

  Potential effect modifiers: Race, sex, eGFR, 25(OH)D. 

 

Data analysis 

 Visit 2 will serve as baseline for the current analysis.  Visit 2 participant 

characteristics will be described using means and proportions stratified by levels of 

parathyroid hormone.    

 For the primary analysis we will use multivariable Cox proportional hazards 

regression models to estimate hazard ratios (HR) and their corresponding 95% 

confidence intervals (CI) according to baseline PTH.  We will use restricted cubic splines 

to characterize the continuous association of PTH with diabetes, evaluate the potential for 

a threshold effect, and aid in the identification of the most appropriate exposure 

representation [18].  Our first model will adjust for age, sex, race-center, season, 

education, physical activity, smoking status, alcohol use, eGFR, and family history of 

diabetes.  Model 2 will additionally adjust for serum calcium, phosphorus, and 25(OH)D.  

Model 3 will adjust for model 1 covariates in addition to BMI.  

 Multiplicative interaction terms will be used to evaluate whether race, sex, BMI, 

eGFR, or 25(OH)D modify associations between PTH and risk of incident diabetes.  

Given inherent interest due to few available large studies of racially diverse populations, 

we will report race-stratified results, regardless of whether a significant race-interaction is 

present.   

 In sensitivity analyses, we will exclude those with suspected primary 

hyperparathyroidism (elevated PTH and serum calcium) and restrict our analyses to those 

with normal kidney filtration function at visit 2 (eGFR ≥90 ml/min/1.73 m
2
).   
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