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4. Rationale: 
 
Cardiac troponin-T (cTnT) measured in plasma allows for the noninvasive identification of 
persons at risk for a cardiovascular event 1-5. A recently developed, high-sensitivity cardiac 
troponin-T (hs-cTnT) assay allows for the detection of hs-cTnT levels below clinical thresholds 
or detection levels of earlier cTnT assays. Using this novel pre-commercial assay, troponin levels 
far below the conventional limit of detection have been shown to predict cardiovascular events 
and death from any cause in persons with heart failure 6, stable coronary artery disease 7 and in 
the general population 8, 9. Unpublished data from ARIC (MS # 1563) suggests that hs-cTnT is 
also independently associated with heart failure and all-cause mortality. 
 
Various mechanisms have been proposed to explain the release of troponin in persons with and 
without obstructive coronary heart disease including subendocardial ischemia leading to myocyte 
necrosis, oxidative stress and ischemia without necrosis 10. Other potential sources of elevated 
troponin include left ventricular strain 11, apoptosis 12, vigorous exercise 13 and cardiomyocyte 
turnover 14. 
 
The determinants of elevated hs-cTnT levels below clinical thresholds in the general population 
are unknown. Measurement of hs-cTnT from stored samples from participants who attended the 
fourth ARIC visit provides a community-based sample in which to assess the relationship 
between traditional cardiovascular risk factors and hs-cTnT. 
 
5. Main Hypothesis/Study Questions: 
 
Aim: To characterize the cross-sectional associations between traditional cardiovascular risk 
factors and hs-cTnT  
 
 
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 analysis of participants who attended ARIC visit 4. 
 
Exposure: Traditional cardiovascular risk factors (age, sex, diabetes status (undiagnosed, 
diagnosed, treated/untreated), race/center, smoking status, body mass index, waist-hip ratio, 
blood pressure, hypertensive medication use, education, income, triglycerides, total-, HDL- and 
LDL-cholesterol, metabolic syndrome, kidney function (estimated glomerular filtration rate 
(GFR) from serum creatinine) and Framingham Risk Score. 
 
Outcome: 
hs-cTnT modeled continuously and by categories (as described below in the Statistical Analysis 
section). 
 
Inclusions 



All black and white ARIC subjects with data on high-sensitivity troponin T measured from blood 
samples (plasma) obtained at visit 4 (n ≈ 11,500). 
 
Exclusions: 
Race other than black or white, missing hs-cTnT at visit 4, or missing covariates of interest. 
 
 
Statistical Analysis  
 
Continuous variables will be reported as means with standard deviations and categorical 
variables as proportions. We will model hs-cTnT as both a categorical and a continuous variable. 
For categorical analyses, Group 1 will include all participants with undetectable levels (~30%). 
The remaining (~70%%) will be categorized into approximate thirds: hs-cTnT 0.003–0.005 µg/L 
(Group 2), 0.006–0.008 µg/L (Group 3), and higher levels further divided at approximately the 
99th percentile value specified by the manufacturer (which corresponded to the ~90th percentile 
in the ARIC populations into Group 4 (0.009–0.013 µg/L) and Group 5 (≥0.014 µg/L). For 
continuous models, undetectable levels of hs-cTnT will be assigned a value of 0.0015 µg/L (i.e., 
half the lower limit of detection). 
 
Statistical comparison of groups will be performed using one-way ANOVA for continuous 
variables or chi-square tests for categorical variables. Multivariable logistic regression models 
will be used to identify variables that are independently associated with elevated hs-cTnT. 
Analyses will be performed separately in persons with no previous clinical or silent CHD. We 
will also conduct analyses implementing linear splines and restricted cubic splines in 
multivariable models to characterize the shape of the association of traditional risk factors with 
hs-cTnT.   
 
 
Limitations 
Because neither echocardiography nor coronary angiographies were available from participants 
who attended ARIC visit 4, we cannot rule out elevated hs-cTnT due to underlying subclinical 
cardiovascular disease. Despite adjustment for known risk factors for cardiovascular disease, we 
will also not be able to rule out the possibility of residual confounding. The association with race 
cannot be easily separated from geography since the majority of blacks were recruited at the 
Jackson Field Center. Due to the cross-sectional nature of this investigation, the temporality of 
any observed associations cannot be established. 
 
7.a. Will the data be used for non-CVD analysis in this manuscript?__ Yes     X    No 
 
 b. If Yes, is the author aware that the file ICTDER03 must be used to exclude persons 

with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA 
analysis RES_DNA = “CVD Research” would be used? 

  ____ Yes    ____ No 
(This file ICTDER03 has been distributed to ARIC PIs, and contains  
the responses to consent updates related to stored sample use for research.) 

 



8.a. Will the DNA data be used in this manuscript?    ____ Yes    __X_ No 
 
8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the file ICTDER03 must be used to exclude those with value 
RES_DNA = “No use/storage DNA”?  ____ Yes    ____ No 

 
9. The lead author of this manuscript proposal has reviewed the list of existing ARIC Study 

manuscript proposals and has found no overlap between this proposal and previously 
approved manuscript proposals either published or still in active status.  ARIC 
Investigators have access to the publications lists under the Study Members Area of the web 
site at:  http://www.cscc.unc.edu/ARIC/search.php 

 
___X___  Yes     _______ No 

 
10. What are the most related manuscript proposals in ARIC (authors are encouraged to 

contact lead authors of these proposals for comments on the new proposal or 
collaboration)? 

 
Proposals on the association of hs-cTnT or NT-proBNP to cardiovascular or kidney disease 
MP#1564: Correlation of High Sensitivity Troponin-T (hs-cTnT) and Amino Terminal pro- 
Brain Natriuretic Peptide (NT-proBNP) with Renal Function Parameters; and Association with 
Mortality and Adverse Cardiovascular Events 
MP#1563: Novel highly sensitive cardiac Troponin-T (hs-cTnT) assay, mortality, and major 
adverse cardiovascular events in the ARIC Study 
MP##1596: Hyperglycemia and risk of subsequent elevation of NT-proBNP and hs-cTnT 

 
 
11. a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 
ancillary study data?    __X__ Yes    ____ No 
ARIC Ancillary Study #2008.11, “Measurement of NT-pro-BNP and troponin T at visit 4 for the 
full ARIC cohort” 
 
11.b. If yes, is the proposal  

_X_ A. primarily the result of an ancillary study (list number #2006.15 and 
#2008.10) 

___  B. primarily based on ARIC data with ancillary data playing a minor role 
(usually control variables; list number(s)* _________ __________ __________) 

 
*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/   
 
12.  Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date of 
the approval, the manuscript proposal will expire.



 

 

Reference 
 
1. Melander O, Newton-Cheh C, Almgren P, Hedblad B, Berglund G, Engström G, 

Persson M, Smith JG, Magnusson M, Christensson A, Struck J, Morgenthaler 
NG, Bergmann A, Pencina MJ, Wang TJ. Novel and conventional biomarkers for 
prediction of incident cardiovascular events in the community. JAMA. 
2009;302:49-57 

2. Blankenberg S, Zeller T, Saarela O, Havulinna AS, Kee F, Tunstall-Pedoe H, 
Kuulasmaa K, Yarnell J, Schnabel RB, Wild PS, Munzel TF, Lackner KJ, Tiret L, 
Evans A, Salomaa V. Contribution of 30 biomarkers to 10-year cardiovascular 
risk estimation in 2 population cohorts: The monica, risk, genetics, archiving, and 
monograph (morgam) biomarker project. Circulation. 2010;121:2388-2397 

3. Zethelius B, Berglund L, Sundström J, Ingelsson E, Basu S, Larsson A, Venge P, 
Arnlöv J. Use of multiple biomarkers to improve the prediction of death from 
cardiovascular causes. N Engl J Med. 2008;358:2107-2116 

4. Lindahl B, Venge P, Wallentin L. Relation between troponin t and the risk of 
subsequent cardiac events in unstable coronary artery disease. The frisc study 
group. Circulation. 1996;93:1651-1657 

5. Daniels LB, Laughlin GA, Clopton P, Maisel AS, Barrett-Connor E. Minimally 
elevated cardiac troponin t and elevated n-terminal pro-b-type natriuretic peptide 
predict mortality in older adults: Results from the rancho bernardo study. J Am 
Coll Cardiol. 2008;52:450-459 

6. Latini R, Masson S, Anand IS, Missov E, Carlson M, Vago T, Angelici L, Barlera 
S, Parrinello G, Maggioni AP, Tognoni G, Cohn JN. Prognostic value of very low 
plasma concentrations of troponin t in patients with stable chronic heart failure. 
Circulation. 2007;116:1242-1249 

7. Omland T, de Lemos JA, Sabatine MS, Christophi CA, Rice MM, Jablonski KA, 
Tjora S, Domanski MJ, Gersh BJ, Rouleau JL, Pfeffer MA, Braunwald E. A 
sensitive cardiac troponin t assay in stable coronary artery disease. N Engl J 
Med. 2009;361:2538-2547 

8. deFilippi CR, de Lemos JA, Christenson RH, Gottdiener JS, Kop WJ, Zhan M, 
Seliger SL. Association of serial measures of cardiac troponin t using a sensitive 
assay with incident heart failure and cardiovascular mortality in older adults. 
JAMA. 2010;304:2494-2502 

9. de Lemos JA, Drazner MH, Omland T, Ayers CR, Khera A, Rohatgi A, Hashim I, 
Berry JD, Das SR, Morrow DA, McGuire DK. Association of troponin t detected 
with a highly sensitive assay and cardiac structure and mortality risk in the 
general population. JAMA. 2010;304:2503-2512 

10. Hickman PE, Potter JM, Aroney C, Koerbin G, Southcott E, Wu AH, Roberts MS. 
Cardiac troponin may be released by ischemia alone, without necrosis. Clin Chim 
Acta. 2010;411:318-323 

11. Cheng W, Li B, Kajstura J, Li P, Wolin MS, Sonnenblick EH, Hintze TH, Olivetti 
G, Anversa P. Stretch-induced programmed myocyte cell death. J Clin Invest. 
1995;96:2247-2259 



 

 

12. Narula J, Haider N, Virmani R, DiSalvo TG, Kolodgie FD, Hajjar RJ, Schmidt U, 
Semigran MJ, Dec GW, Khaw BA. Apoptosis in myocytes in end-stage heart 
failure. N Engl J Med. 1996;335:1182-1189 

13. Shave R, Baggish A, George K, Wood M, Scharhag J, Whyte G, Gaze D, 
Thompson PD. Exercise-induced cardiac troponin elevation: Evidence, 
mechanisms, and implications. J Am Coll Cardiol. 2010;56:169-176 

14. Bergmann O, Bhardwaj RD, Bernard S, Zdunek S, Barnabe-Heider F, Walsh S, 
Zupicich J, Alkass K, Buchholz BA, Druid H, Jovinge S, Frisen J. Evidence for 
cardiomyocyte renewal in humans. Science. 2009;324:98-102 

 
 


