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4. Rationale: 

 



Aging is commonly associated with significant structural and functional changes in the 

cardiovascular system. For example, a decrease in distensibility of large arteries, such as the 

aorta, occurs with age and increases the risk of hypertension (1); an important cardiovascular 

disease risk factor in the elderly. (2) It is postulated that large arterial vessels stiffen because the 

elastic tissue in the vessel wall is progressively replaced with collagen over time. In addition to 

these structural changes, the cardiovascular (CV) system undergoes several other functional 

changes with aging. (3, 4) Increased pulse wave velocity among older adults results in earlier 

return of reflected waves from the periphery to the proximal aorta and, consequently, alteration 

of the arterial wave contour. (5) These reflected blood pressure (BP) waves add to anterograde 

waves to produce late systolic BP (SBP) augmentation, which is calculated using the 

augmentation index. (4, 6)  

Another functional change with aging is the decline in flow-mediated arterial dilation that 

occurs secondary to decreased endothelium-derived nitric oxide. (7) Therefore, the vasodilation 

that normally occurs in response to flow-related SBP increases is compromised. (4) Furthermore, 

increased central aortic stiffness contrasts with minimal changes in peripheral arterial tone in the 

elderly. This results in a reversal of the normal central-to-peripheral arterial stiffness gradient, a 

finding which has been implicated in the development of macro- and micro-vascular diseases in 

older populations. (8)  

The above structural and functional changes tend to result in a gradual rise in the SBP 

with age, with less impact of diastolic BP (DBP). (3, 9) This phenomenon characterizes a 

condition known as isolated systolic hypertension (ISH), defined by SBP>140 and DBP <90 

mmHg. If ISH is left untreated, it can further exacerbate age-related arterial stiffness, forming a 

vicious cycle. (10) In addition, DBP, which increases up to 50-60 years of age, starts to decline 

thereafter. This late fall in DBP with continued increase in SBP often results in an increase in 

pulse pressure among the elderly, even in otherwise normotensive individuals (5). Studies have 

suggested that elevated pulse pressure may be one of the strongest predictors of cardiovascular 

risk and mortality in older populations (11), leading some experts to suggest targeting 

antihypertensive therapy towards lowering pulse pressure in the elderly. (12)  

However, antihypertensive therapy has a number of potential complications- such as 

kidney impairment, orthostasis, and falls- which tend to be more pronounced in the elderly. 

Therefore, personalized biomarkers of risk are attractive targets to help guide the allocation of 

antihypertensive drugs among elderly persons with altered BP parameters (such as ISH or 

elevated pulse pressure). In particular, because elevated SBP (which is present in ISH and 

typically in persons with elevated pulse pressure) is an important determinant of myocardial 

stress secondary to increased cardiac afterload and myocardial energy requirements, (13) 

biomarkers of myocardial damage and stress may be most suitable in guiding the treatment of 

elderly persons at risk. Novel high sensitivity cardiac troponin T (hs-cTnT) assays indicate 

subclinical myocardial damage among asymptomatic individuals and hs-cTnT has been 

demonstrated to be an independent predictor of all-cause mortality, cardiovascular death, heart 

failure, stroke and sudden cardiac death. (14-18) The association of hs-cTnT with incident 

hypertension and left ventricular hypertrophy (LVH) in patients with no known cardiovascular 

disease was shown in a recent study conducted on the Atherosclerosis Risk in Communities 

(ARIC) population (16). However, the impact of the age-specific changes in blood pressure 

parameters, described above, on the level of hs-TnT in the blood has, thus far, not been 

extensively studied.  



Brain natriuretic peptide (BNP) is another biomarker that is synthesized by the 

ventricular myocardium and released into the bloodstream in response to increased left 

ventricular load or hemodynamic stress. Based on several lines of evidence, circulating levels of 

BNP or N-terminal prohormone of brain natriuretic peptide (NT-proBNP) have been used in the 

diagnosis of congestive heart failure, and in the prognostication of patients admitted for 

decompensated heart failure (19) and acute coronary syndrome. (20) Higher plasma levels of 

BNP have also been found in patients with hypertension compared to normotensive individuals. 

(21) N-terminal-proBNP (NT-proBNP) is a stable cleavage product of proBNP and elevated 

levels have been associated with hypertension in prior cross-sectional studies. (22) A prior ARIC 

study showed a relationship between NT-proBNP level and the risk of developing hypertension 

over a maximum follow up period of 14 years in middle-aged adults in the ARIC cohort. (23) 

However, the impact of age-dependent changes in BP parameters on levels of NT-proBNP (a 

biomarker of left ventricular strain) is unknown. 

Therefore, we aim to examine the cross-sectional relationship between characteristic 

blood pressure patterns of the elderly (e.g., isolated systolic hypertension, increased pulse 

pressure, increased augmentation index) and subclinical myocardial damage as measured by hs-

TnT. In a related secondary analysis, we will also test for any correlation between these BP 

patterns and NT-proBNP levels. Our study may have important implications for the 

cardiovascular risk stratification and prognostication of older adults. Additionally, hs-cTnT and 

NT-proBNP could prove useful in providing appropriate and timely pharmacological treatment 

for abnormal BP patterns in older populations and may facilitate the reversal of subclinical 

myocardial injury in these patients.  

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: To determine the cross-sectional relationship between pulse pressure and high sensitivity 

cardiac troponin measured at ARIC visit 5 in patients >=65 years of age. 

 

Aim 2: To determine the cross-sectional relationship between isolated systolic hypertension and 

high sensitivity cardiac troponin measured at ARIC visit 5 in patients >=65years of age. 

 

Aim 3: To determine the cross-sectional relationship between augmentation index with the level 

of high sensitivity cardiac troponin measured at ARIC visit 5 in patients >=65years of age. 

 

Aim 4: To repeat testing of hypotheses one through three using NT-proBNP measured at visit 5 

as the outcome variable. 

 

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: Cross-sectional observational study 

Inclusion criteria:  

1. All patients equal to or more than 65 years of age who attended ARIC visit 5 and had 

measurement of hs-cTnT will be included in the study. 

 

Exclusion criteria: 



1. All patients <65 years of age  

 

Variables: 
The following variables will be analyzed: 

1. Exposure variables:  

A. Systolic blood pressure (SBP), Diastolic blood pressure (DBP) 

B. Mean BP: Defined as (SBP+ 2 * DBP)/3 

 

These variables will be used to derive the following: 

a. Isolated Systolic Hypertension (ISH): This is defined as SBP>140 and DBP<90. We 

will label ISH as a binary categorical exposure 

b. Pulse pressure (PP): Defined as the difference between SBP and DBP. The increase in 

pulse pressure will be modeled as a categorical exposure by quartile and as a 

continuous exposure per mm Hg. 

c. Augmentation index (AI): The argumentation index is a numerical value that 

indicates the percentage of the reflected pressure wave with respect to the driven 

pressure wave. It is calculated by obtaining the post-systolic component (P2) after 

subtraction of the maximum wave height of the pre-systolic component (P1), which is 

expressed as ‘delta P’. 

 

AI (%) = (delta P)/PP x 100 

For our study, we will use results from the OMRON Pulse Wave Unit TU-100 

connected to the BP-203RPE Series of Non-invasive Vascular Screening Devices to 

derive the augmentation indices and electrocardiographic measurements. The AI 

parameter depends on the intensity of the reflected wave, which in turn is determined 

by the size and elasticity of the smaller arteries and arterioles.  

i.    Carotid augmentation index,  

ii.    Mean of L and R Brachial augmentation indices 

 

2. Covariates: Age (years), Gender, race-center, Body height, Body mass index (BMI, in 

kg/m
2
), smoking (current; former; never), alcohol intake (current; former; never), 

hypertension medication use (yes; no), LVH by electrocardiogram (yes; no), diagnosed 

diabetes (yes; no; defined as a self-reported physician diagnosis of diabetes or current use 

of diabetic medications), LDL-cholesterol (mg/dl), HDL-cholesterol (mg/dl), 

triglycerides (mg/dl), current use of cholesterol lowering medication (yes; no), and 

estimated glomerular filtration rate in ml/min/1.73m
2
. In addition, we will also include 

data on hypertension medications like beta- blockers, angiotensin-converting enzyme 

inhibitors/angiotensin receptor blockers, calcium channel blockers and diuretics. 

 

3. Outcome variables: Serum level of hs-c-TnT obtained on ARIC visit 5. Secondary 

analyses will evaluate NT-proBNP level as the outcome variable. 

 

 

 

 

 



Statistical analyses:  

a) Descriptive statistics: Baseline characteristics will be summarized using descriptive 

statistics, which are, mean (standard deviation) or median (inter-quartile range; IQR) for 

continuous variables and percentage for categorical or nominal variables. We will divide 

our study population based on the exposure variables into the following groups:  

 

1. Isolated systolic hypertension (yes or no)  

 2. Pulse pressure quartiles 

3. Augmentation index quartiles 

 

Baseline continuous variables will be compared between above groups using Student's t-

test or One-Way Analysis of Variance (ANOVA), as appropriate. Pearson's chi-square 

test will be used for comparison of categorical/nominal variables.  

 

We will compute crude unadjusted proportions to obtain the proportion of individuals 

with detectable and elevated hs-TnT among each of the above groups.  

 

b) Regression models:  

The primary outcome variable will be the blood level of hs-c-TnT, described 

categorically as (a) detectable hs-cTnT (<5 or >=5ng/L), and (b) elevated hs-cTnT (<14 

or >=14). Age-gender specific cut-offs will also be used. (24) Univariate and multivariate 

logistic regression models will be used to calculate odds ratios between the above 

described characteristic BP patterns in the elderly as exposures and the hs-c-TnT category 

as the outcome. We will also construct linear models to examine the association between 

these BP patterns and hs-cTnT as a continuous outcome variable. These linear variables 

will be repeated for NT-proBNP outcome assessment. We will use age, gender, race-

center adjusted models for logistic and linear regression. More fully adjusted models will 

be created to account for height, BMI, diabetes status, creatinine, hypertension 

medication use, LDL-cholesterol, HDL-cholesterol, triglycerides, statin use. Additional 

models, adjusting for BP medication use and type (e.g. diuretics yes/no) will also be 

constructed. Statistical significance will be claimed at a p-value <=0.05. Analyses will be 

performed with Stata 14 (StataCorp, College Station, Texas). 

 

c) Secondary analyses:  

We will stratify the above mentioned groups by hypertension treatment status and 

perform a secondary analyses to explore the relationship of hypertension treatment status 

with hs-TnT or NT-proBNP. In addition, we plan to perform a sensitivity analyses 

excluding patients with prior coronary heart disease and diagnosed heart failure from the 

analyses.   

Limitations: 

 As with all observational studies, we will not be able to eliminate the possibility of residual 

confounding despite rigorous adjustment for known risk factors. 
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