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4. Rationale: Cardiac troponin T (cTnT) is emerging as a biomarker that is 
strongly associated with incident cardiovascular end points (CVD) including 
coronary heart disease, heart failure, stroke, and, death with several data from 
population studies including ARIC demonstrating a robust and strong association 
(Saunders J, Circulation 2011; 123: 1367-76, de Lemos JA JAMA. 2010 Dec 
8;304(22):2503-12, deFilippi C JAMA. 2010 Dec 8;304(22):2494-502). Since the 
initial description of the association of troponin T measured with a high sensitivity 
assay (hs-cTnT) and incident CVD, we have shown that troponin T improves 
prediction of heart failure (HF) risk when added to models used in the prediction 
of HF risk such as the ARIC HF risk score (Nambi V, Clin Chem 2013; 59: 1802-
10).  
 
Metabolic syndrome has been shown in several studies to be associated with all 
the above mentioned CVD (Gami AS J Am Coll Cardiol, 49 (2007), pp. 403–414). 
Given that the presence of metabolic syndrome is associated with a high 
incidence of incident HF, the American College of Cardiology and American 
Heart Association have categorized those with metabolic syndrome to be in 
“Stage A” heart failure i.e. individuals at increased risk of incident clinical HF 
(Hunt SA Circulation 2005; 112; e154-235). 
 
Recently we have generated data that shows (MS 2116) that troponin T 
measured with a high sensitivity assay can help identify higher risk subjects 
across blood pressure categories (systolic, diastolic, and pulse pressure). Blood 
pressure, similar to metabolic syndrome is another factor that would classify an 
individual as Stage A heart failure. When stratified by systolic, diastolic, and PP 
blood pressure of higher troponin T levels were associated with an increased 
hazards for incident CVD (including HF) when compared to those with 
undetectable troponin T. In additional analyses, we found that those with a 
systolic blood pressure between 150-159 mmHg and undetectable troponin T 
had lesser incidence of HF than those with a systolic blood pressure of 120-129 
mmHg and a troponin T >5 ng/L. We now propose to evaluate whether troponin T 
can help identify subjects with metabolic syndrome at higher risk for incident 
CHD, heart failure, and stroke much like it does for hypertension. If troponin T 
does identify subjects with metabolic syndrome at higher risk of CVD, it may help 



us identify subjects who may benefit from intensive treatment of risk factors and 
identify higher risk subjects to include in clinical trials. These of course will first 
need to be tested. 
 
5.  Main Hypothesis/Study Questions: 
 Hypothesis:   
Cardiac troponin T will identify subjects at higher and lower risk of cardiovascular 
events among individuals with metabolic syndrome. 

 
Study questions: 
1. Describe if troponin T (classified by categories) can identify subjects with 

metabolic syndrome who are at higher and lower risk for incident adverse 
cardiovascular events (CHD, stroke, heart failure assessed together as a 
composite and individually) and death  

2. Describe the association between troponin T and incident CVD stratified 
by the number of metabolic syndrome risk factors. 
 

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 methodological 
limitations or challenges if present). 
 
We will exclude individuals whose race is neither black nor white, and, black 
participants from the Washington County or Minneapolis field centers. 

 
All other individuals with available troponin T and information about the variables 
that constitute metabolic syndrome will be eligible for analysis.  Metabolic 
syndrome will be defined according to Adult Treatment Panel III (ATP III). Briefly, 
individuals will be classified as having metabolic syndrome if they have three or 
more of the following components: elevated blood pressure (systolic blood 
pressure >130 mmHg or diastolic blood pressure >85 mm Hg and/or use of anti-
hypertensive medications [yes/no]); elevated triglycerides (≥150 mg/dL); low 
HDL-C (men [M] <40 mg/dL, women [W] <50 mg/dL); impaired fasting glucose 
(>100 mg/dL); and large waist circumference (M >102 cm [>40 inches], W >88 
cm [>35 inches]).  
For each outcome of interest, those with prevalent disease will be excluded 
(example for incident heart failure, those with prevalent heart failure will be 
excluded).  ARIC visit 4 will form the baseline for this analysis. 
 
We will first describe the number of subjects with metabolic syndrome in the 
ARIC study and describe the troponin T levels among those with and without 
metabolic syndrome. 
 
Then, using those with metabolic syndrome and troponin T < 5ng/L as the 
referent group, we will evaluate if subjects with metabolic syndrome and a 
troponin T >5 ng/L have higher hazard ratios for incident cardiovascular disease 



including MI, heart failure, stroke and death. In further analysis, troponin T >5 
ng/L will be additionally categorized as 5-8, 9-13 and ≥13 ng/L. The analysis will 
initially be adjusted for age, gender, race and center.  In subsequent models we 
will adjust for renal function (estimated glomerular filtration rate as measured 
using the CKD-EPI equation), total cholesterol, current cigarette smoking, C-
reactive protein, and NT-proBNP.  
 
Then we will categorize the individuals by the number of metabolic syndrome risk 
factors (range 0-5) to see if higher levels of troponin T are associated with an 
increased risk of CVD at each level (i.e. in an individual with 0 factors that 
constitute metabolic syndrome to all 5 factors). We expect that with more risk 
factors for metabolic syndrome, the strength of association between elevated 
troponin T and outcomes will be of greater magnitude (i.e. there will be a 
multiplicative interaction).  
 
Finally, additional analyses will be performed to evaluate which metabolic 
syndrome component will be most strongly associated with elevated hs-cTnT 
(with controlling for other metabolic syndrome components) 
 
Limitations: The concept of “metabolic syndrome” has been controversial (i.e. 
whether it deserves the status of a syndrome etc.). However, for our analysis we 
are primarily evaluating if someone with metabolic syndrome as defined by ATP 
III recommendations, who by definition have Stage A HF, is at higher risk for 
future CVD. The lack of echocardiographic data is a limitation when evaluating 
HF outcomes. 
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