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3. Timeline: 
 
The analysis will start immediately after approval with a plan to publish after analysis is 
complete (~1 year) 
 
 
4. Rationale:  We have shown in previous analyses that troponin T (tnt) measured with a 
higher sensitivity assay is strongly associated with the future risk of cardiovascular diseases 
(CVD) (coronary heart disease, stroke and heart failure) and improves the prediction of these 
CVD (Saunders J, Circulation 2011 Apr 5;123(13):1367-76). Additionally, we have shown that 
when participants in the ARIC study were grouped/categorized by systolic blood pressure (SBP) 
and diastolic blood pressure (DBP), it was those individuals with elevated tnt that had increased 
risk for incident events including heart failure hospitalization (HF) (Pokharel Y, Hypertension 
2015 Jan;65(1):78-84, McEvoy J J Am Coll Cardiol. 2016 Oct 18;68(16):1713-1722). In fact, 
individuals with SBP that were not well controlled (example 150-159 mmHg) but had 
undetectable tnt had better outcomes than those with SBP that was well controlled but with 
detectable/elevated tnt. With DBP, a J/U shaped relationship emerged with those having a low 
DBP (<60 mmHG) and those having DBP >90 mmHg having an increased myocardial injury as 
evidenced by tnt levels.  
 
In some ways, one can postulate that cTnT identifies and documents the cumultative adverse CV 
consequence of hypertension better than single SBP or DBP measurements which have been well 
noted to vary over time and in response to treatment. 
 
We wish to extend this assessment by studying other biomarkers associated with HF including 
troponin I (tni) measured with a high sensitivity assay, NT-pro B type Natriuretic Peptide (NT-
proBNP) and galectin individually. Biomarkers will be assessed individually and together with 
tnt/tni 

 
 
 
5. Main Hypothesis/Study Questions: 
 

a. Troponin I identifies individuals at higher CVD risk across BP categories  
b. NTproBNP identifies individuals at higher CVD risk across BP categories 
c. Galectin identifies individuals at higher CVD risk across BP categories 



 

 

d. Biomarkers (NTproBNP, galectin and tni) identify individuals at highest CVD risk across 
BP categories 
 
Questions 
a. Are NTproBNP/galectin/troponin I levels associated with incident CVD across SBP, 

DBP and pulse pressure categories? 
b. Do NTproBNP/galectin/troponin I levels have a stronger association with incident CVD 

compared with SBP/DBP/pulse pressure categories? 
c. Can a biomarker score identify the higher and lower risk individuals across SBP, DBP 

and pulse pressure categories  
 
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:  
 

ARIC visit 4 will serve as the baseline for this analysis.  
 

Inclusion/Exclusion: 
 

From the individuals participating in ARIC visit 4 we will exclude individuals 
 
- missing information on biomarkers of interest (galectin, NTproBNP, tni and tnt). Note 

individuals will be excluded only for the pertaining analysis (example missing galectin will be 
excluded only for the galectin analysis and so on) 

- missing SBP/ DBP values 
- missing information on traditional CHD risk factors (TRF) including blood pressure 

information (including use of medications), tobacco use, lipid information (total cholesterol, 
HDL-c) and diabetes information for the CVD analysis and additional factors used in the 
stroke, HF and atrial fibrillation (afib) prediction score for the stroke, HF and afib analysis 
respectively 

- races other than black or white, and black participants from the Minnesota or Washington 
field center. 

- Individuals with prevalent CHD, stroke or HF 
 

Outcome:  
 

The outcome of interest will include incident CHD (definite or probable MI, CHD death or 
revascularization), ischemic stroke, HF hospitalization, atrial fibrillation For the combined 
analysis CHD+ischemic stroke +HF+Afib will be the outcome of interest. 

 
 

Summary of Data Analysis:  
 



 

 

Sex stratified analyses will be performed. Systolic blood pressure (mean of second/third 
measurement) will be categorized as <120, 120-129, 130-139, 140-149, 150-159 and ≥ 160 
mmHg. If adequate numbers (especially when events are considered) are not available in some of 
the bins they may be combined. Diastolic blood pressure will similarly be categorized into <70, 
70-79, 80-89, 90-99 and ≥ 100 mmHg. Finally pulse pressure categories will be described as 
well (<30, 30-39, 40-49, 50-59 and ≥ 60 mmHg). 
 
Distribution of the biomarkers in these various blood pressure categories will be described with 
and without stratification by anti-hypertensive medication use and CVD status. Linear splines 
will be used to further evaluate the relationship of the blood pressure categories with the 
biomarkers. Biomarkers will be categorized by tertiles or quartiles and used for the analyses. 
 
Using Cox-proportional hazards models, the association between the biomarkers and adverse 
cardiovascular events (defined as myocardial infarction (definite or probable), death from 
coronary heart disease, revascularization), stroke (all types), heart failure hospitalization, afib 
and death from cardiovascular causes) will be reported initially using minimally adjusted models 
(age/ race/ center in gender specific models) and then after adjustment for other variables such as 
anti-hypertensive medication use, kidney function (eGFR), diabetes, fasting glucose, total/HDL 
cholesterol, BMI, cigarette and smoking for the various blood pressure groups/ categories.  
 
Stratified analysis will be pursued by anti-hypertensive medication use status. 
 
Additional analysis will be pursued modeling blood pressure as a continuous variable adjusting 
for anti-hypertensive medication use.  
 
We will then examine and compare individuals (with respect to clinical outcomes) with clinically 
controlled BP values (example SBP 120-139 mmHG, DBP70-90 mmHg) who have biomarker 
levels in the highest tertile/quartile with clinically poorly controlled BP (example 150-159 
mmHg) who have biomarkers in the lowest tertile/quartile. 
 
Finally, we will develop a composite biomarker score. The score will be developed by first 
evaluating the results of the individual biomarkers and for those strongly associated with events 
we will identify subjects with at least 2 biomarkers in the highest tertile and similarly identify 
individuals with all biomarkers in the lowest tertile and compares across various SBP, DBP and 
pulse pressure categories as above. 
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