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4. Rationale: 

Recently identified biomarkers have increased understanding of the pathophysiology of disease, 

accuracy of diagnosis and disease prognosis. 

 

Troponin proteins are used as biomarkers because they are released into the blood stream as a 

result of cardiomyocytenecrosis. Troponin T determination is a widely pertinent and economical 
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method for risk assessment in patients with unstable coronary heart disease
1
.  It provides 

prognostic information based on the maximum TnT obtained during the first 24hours
1
after an 

episode of acute coronary syndrome.  Hs-c TnT, a novel cardiac troponin-T marker, detects a 10- 

fold lower concentration of Troponin T and has proven to be more sensitive than the 

conventional fourth generation assay (cTnT)
 2, 3

. Hs- cTnT is positively associated with incident 

coronary heart disease, all- cause mortality and heart failure in individuals without known CHD 

or stroke
3
(ARIC). It has also shown to be positively associated with cardiovascular events and 

all-cause death in individuals with heart failure
4
 and stable coronary heart disease

5
.  

 

Brain (B- type) natriuretic peptide is predominantly synthesized in the ventricular myocardium 

as a neurohormone in response to cardiac wall stress in conditions associated with volume 

overload. Cardiac hormone B- type natriuretic peptide (BNP) has been useful in the diagnosis of 

heart failure 
6
; it is a predictor of short- and medium- term prognosis across the spectrum of 

acute coronary syndromes
7
. N- Terminal pro- brain natriuretic peptide (NT-proBNP) has also 

been demonstrated to predict cardiovascular disease and mortality
8
 in addition to its provision of 

prognostic information on total mortality
9
.  NT-proBNP is a stronger prognostic marker of all-

cause death in the general population than BNP
10

. 

 

C reactive protein (CRP) is an acute phase reactant produced by the liver due to inflammation.It 

serves as a systemic marker of inflammation used to monitor patients with overwhelming 

infections. Recent studies have however shown that individuals with ischemia and myocardial 

infarction have elevated serum CRP levels
11, 12 

because inflammation takes place during 

atherogenesis and acute events. CRP was found to be a moderately strong marker of risk for 

subsequent CHD using baseline CRP data in ARIC
13

. High sensitivity CRP however helps to 

detect lower CRP levels in otherwise healthy individuals
14

. Hs- CRP has been found to be 

positively associated with an increased risk of heart attack, restenosis of coronary arteries after 

angioplasty, stroke and peripheral vascular disease
15

. It has added more prognostic information 

to that available from LDL cholesterol in the prevention of cardiovascular disease because these 

two biomarkers represent different components of the disease process
15

. Hs- CRP has also been 

found to be positively associated with the risk of developing type 2 diabetes and has not been 

shown to predict cancer and all other major disorders
15

. 

 

A comparison  between hs-cTnT, NT-proBNP and hs-CRP by Saunders et al in the ARIC study 

suggested an improvement in risk prediction for CHD, heart failure and total mortality when hs-

cTnT was added to the risk prediction model. This was however similar to that provided by NT-

proBNP and bigger than that by hs-CRP
2
.  

 

The association of hs-cTnT, NT-proBNP and hs-CRP with cause- specific mortality in the 

general population is however unknown. This study will address this question using 

measurements of NT- proBNP,hs-cTnT and hs-CRP on participants who attended the fourth 

ARIC visit. 

 

 

 

5. Main Hypothesis/Study Questions: 



 

 

a. What is the association of hs-cTnT with cause specific mortality (coronary heart disease 

(CHD), stroke, diabetes, cancer, respiratory diseases, external cause of mortality, and all 

other causes) among Caucasians and African Americans in the ARIC cohort? 

b. What is the association of NT-proBNP with cause specific mortality (coronary heart 

disease, stroke, diabetes, cancer, respiratory diseases, external cause of mortality, and all 

other causes) among Caucasians and African Americans in the ARIC cohort? 

c. What is the association of hs-CRP with cause specific mortality (coronary heart disease, 

stroke, diabetes, cancer, respiratory diseases, external cause of mortality, and all other 

causes) among Caucasians and African Americans in the ARIC cohort? 

 

 

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 

- A cohort study of participants who attended ARIC visit 4 

Exclusion 

- Participants with missing data for hs-cTnT, NT-proBNP and hs-CRP at visit 4; 

participants who report a race other than Caucasian or African American. Participants 

with evidence of a history of CHD, stroke,diabetes mellitus (DM), cancer or respiratory 

disease at visit 4 will be excluded from the study. 

Inclusion 

- All Caucasians and African Americans ARIC subjects with data on hs-cTnT, NT-proBNP 

and hs- CRP at visit 4. 

Exposure 

- Hs-cTnT, NT-proBNPand hs- CRP measured from plasma samples during the ARIC visit 

4 

 

Outcome 

Cause specific mortality will be defined using the underlying cause of death on the death 

certificate (ICD-9 code or ICD-10 code). Participants will be considered if the underlying cause 

of death is CHD (ICD 9code 410- 414 or ICD-10 code I20- I25), stroke (ICD 9code 430- 438 or 

ICD-10 code I60- I69), DM (ICD 9code 249-250 or ICD-10 code E10- E14), cancer (ICD 9code 

140- 239 or ICD-10 code C00- D48), respiratory disease (ICD 9code 460- 519 or ICD-10 code 

J00- J98), external causes (accidents, suicide, violence) (ICD 9 code E000- E999 or ICD-10 code 

V01- Y89); in addition to mortality from all other causes of death. 

 

 

 

Statistical analysis 

Hs-cTnT will be modeled as both a continuous and as a categorical variable reported in quintiles 

from undetectable levels to ≥ 0.014ug/L. The lowest quintile for hs-cTnT will serve as the 

referent group. NT-proBNP will also be modeled as both continuous and categorical variable 

reported in quintiles. The lowest quintile will serve as the referent group.Hs-CRP will also be 

modeled as both continuous and categorical variable reported in quintiles. The lowest quintile 



 

 

will serve as the referent group. 

 

 Cox proportional hazards regression will be used to determine the hazard ratios of cause specific 

mortality by hs-cTnT, NT-proBNP and hs-CRP. Analysis will first test for interactions by age, 

gender or race; stratified results will be presented if there is interaction. If effect modification is 

absent; age, gender and race will be adjusted for as confounders in a minimally adjusted model 1. 

In the 2
nd

 model, other covariates at baseline will be adjusted for: level of education, diet, forced 

expiratory volume (FEV1), total cholesterol, use of blood cholesterol lowering medication, 

systolic blood pressure, use of antihypertensive medication, hormone replacement therapy, 

smoking status and number of pack years, BMI, alcohol, physical activity and renal function 

(eGFR). Kaplan- Meier survival curves assessing time to each cause specific death across hs- 

TnT, NT-proBNP and hs-CRP categories will also be obtained. Due to possible confounding; 

age, gender and race adjusted survival curves will be presented.  

 

A final model will assess all three biomarkers together.  

 

Limitations 

The follow up period will be restricted to 1996-1998 to 2011 since the baseline of this study is 

ARIC visit 4. The study will be restricted to Caucasians and African Americans; thus the results 

cannot be generalized to other races. There might be some confounding factors our study failed 

to identify; this will lead to residual confounding, thus giving a biased estimate of association.  
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