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3. Timeline: Data analyses will begin immediately. Goal completion is June 2014,

4. Rationale: Parathyroid hormone (PTH) is a regulatory factor in bone health and
mineral homeostasis, and the level of PTH is mainly altered by vitamin deficiency and
kidney disease’. Recently, PTH is thought to have vascular effects, and may therefore
alter blood pressure. Endothelial dysfunction is thought to underlie PTH’s vascular
properties. Specifically, PTH may increase serum levels of endothelin-1 and interleukin-
6% %, and may stimulate the vascular smooth muscle cells to produce factors including
collagen and beta-1 integrin which could, in turn, increase the stiffness of the peripheral
vasculature *. Also, PTH may increase renin release and activate the renin-angiotension



system *°; a process mediated by renal 1-alpha-hydroxylase and resultant changes in 1,
25(0OH,)D".

Most epidemiologic evaluations of the relation between PTH and hypertension were
cross-sectional ®*°, and only a few prospective cohort studies have examined the relation
112 Taylor et al reported that PTH was associated with higher risk of incident self-
reported hypertension among 481 male professionals; however, some important factors,
such as plasma vitamin D, were not considered, and the results might not be extrapolated
to general population given a very high prevalence (greater than 50%) of kidney stones in
this study sample®?. Another prospective study of members of the Intermountain
Healthcare system also found that PTH was positively related to hypertension in older
people (mean age:63 years) over an average of 2 years of follow-up (max:7.5 years), but
as all information came from medical records the author’s ability to adjust for
confounders was limited™.

In addition, racial differences in the association between levels of PTH and vitamin D
have been identified ***. These studies raise interest in whether there are racial
differences in the association between PTH and risk of hypertension.

5. Main Hypothesis/Study Questions:

To better evaluate the relation between PTH and hypertension, therefore, we will take
advantage of data from ARIC, a large, bi-racial, population-based cohort, and will
prospectively examine the association between PTH and the risk of incident
hypertension. We hypothesize that PTH is positively associated with risk of incident
hypertension. Given inherent interest, we will also evaluate whether race is an effect-
modifier of the association between PTH and incident hypertension. Additionally, we
will carefully consider vitamin D, renal function, and other factors which may be
mediators of the relation between PTH and hypertension.

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 beginning at Visit 2, when PTH was measured.

Inclusion/Exclusion

Whites and African Americans who attended Visit 2 and had measures of PTH will
be included. Among these participants, we will exclude those who at visit 2 had prevalent
cardiovascular disease, or prevalent hypertension (self-reported hypertension, anti-
hypertensive medication use, or systolic/diastolic blood pressure >140/90 mmHg) as well



as those who are neither African American nor white, and African Americans from the
MN and MD centers.

Variables:
Exposures: PTH measured in Visit 2 serum.
Outcomes:

-Primary: Incident hypertension, defined as systolic/diastolic blood pressure > 140/90
mmHg or self-reported antihypertensive medication use at ARIC visits 3 and 4.

-Secondary: Incident self-reported hypertension based on ARIC annual follow-up
phone calls.

Confounders : age, race-center, sex, educational levels, estimated glomerular filtration
rate (eGFR) using CKD-EPI equation®®, season of exam, physical activity, smoking
status, alcohol intake, body mass index , C-reactive protein.

Potential effect modifiers: age, race-center, sex, and eGFR.

Possible mediators (if not as modifiers): 25 hydroxyvitamin D [25 (OH) D], serum
calcium, serum phosphorous, eGFR.

Data analysis

We will describe the characteristics at Visit 2 (baseline) stratified by levels of PTH.

Cox proportional hazards regression will be performed to explore the relation
between race-specific PTH and risk of incident hypertension. We will use restricted cubic
splines to examine the continuous association between PTH and hypertension. This will
aid in determining the best way to model PTH. Our first model will adjust for age, sex,
race-center and season. Model 2 will additionally adjust for educational level, physical
activity, smoking status, alcohol intake, and body mass index. In additional models we
will further adjust for 25(OH)D, eGFR, serum calcium, and serum phosphorous.

We will explore interaction by race-center, age, sex, and eGFR. Stratified results
will be reported, as appropriate. Regardless of whether a statistically significant
interaction is present, race-stratified results will be presented, given inherent interest.

Additional sensitivity analyses will be conducted restricting our analysis to
participants with normal kidney function (eGFR >90 ml/min/1.73 m?), and excluding
people with primary hyperparathyroidism defined by high levels of both serum PTH and
calcium (PTH >65 and calcium > 10.2 mg/dL).



Since the primary outcome, incident hypertension, was only ascertained at Visits 3 and 4,
the precise time-to-event is unknown. Therefore, we will perform a sensitivity analysis
using logistic regression to evaluate the association between PTH and incident
hypertension.
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