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Cardiac troponins are elevated in the setting of myocardial damage and are the standard 

measures used for the diagnosis of myocardial infarction. There have been several 

generations of increasingly sensitive tests that reliably detect lower and lower 

concentrations of troponin in the blood. Recently, ultra high-sensitivity assays have been 

developed that can detect concentrations of troponin 10-fold lower than conventional 

assays (1, 2). For example, a novel high-sensitivity assay for cardiac troponin T (hs-

cTnT) recently developed by Roche Diagnostics allows for measurement of troponin T 

concentrations far below the conventional limit of detection (1). Using this high 

sensitivity Roche assay, it has been shown that over 60% of adults with no history of 

cardiovascular disease in the ARIC Study at visit 4 had detectable concentrations of 

troponin in their blood (3). Recent studies in ARIC and other cohorts have also shown 

that minutely elevated troponin concentrations strongly predict risk of future 

cardiovascular events and mortality even after adjustment for traditional cardiovascular 

risk factors (3-8). Nonetheless, the full clinical ramifications of minor elevations in 

troponin detected by these next generation assays are unknown. Furthermore, most prior 

studies have relied on single measurements; thus, the prognostic implications of changes 

in hs-cTnT in in persons with no history of cardiovascular disease are largely 

uncharacterized. 

The biggest impact of high sensitivity cardiac troponin assays is likely to be on 

primary (or perhaps secondary) care; physicians may eventually use hs-cTnT to monitor 

risk in asymptomatic individuals. Changes in hs-cTnT may also be used as surrogate 

endpoints in clinical trials. But it is unclear what types of changes in hs-cTnT are 

clinically relevant. The goal of the proposed study is to characterize long-term changes in 

hs-cTnT and the risk implications of such changes in the population. 

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: To characterize the associations of traditional cardiovascular risk factors with six-

year change in hs-cTnT in the community-based ARIC population. 

 

Aim 2: To characterize the association of six-year change in hs-cTnT with risk of 

subsequent cardiovascular events and death in the community-based ARIC population 

before and after adjustment for traditional cardiovascular 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 methodologic limitations or challenges if 

present). 

 

Study design: Prospective cohort analysis examining risk factors for change in hs-cTnT 

from visit 2 (1990-1992) to visit 4 (1996-1998) and the association of six-year change in 

hs-cTnT (visit 2 to visit 4) with risk of cardiovascular events occurring after visit 4. 

 

Hs-cTnT: Cardiac troponin T was measured at two time points using the same high 

sensitivity (pre-commercial) Roche assay.  

 



Visit 2: cardiac troponin T concentrations were measured from stored (visit 2) serum 

samples using a sandwich immunoassay method (Roche Diagnostics) implemented 

on a Roche Elecys 2010 Analyzer in 2012-2013 at the University of Minnesota as 

part of Dr. Selvin’s ancillary study (#2009.16).  

  

Visit 4: cardiac troponin T concentrations were measured from stored (visit 4) 

plasma samples using the same sandwich immunoassay method implemented on a 

Cobas e411 analyzer in 2010 at the Baylor College of Medicine as part of Dr. 

Ballantyne’s ancillary study (#2008.10). 

  

Calibration of visit 2 and 4 measurements: A calibration study is currently underway 

to test the comparability of different laboratory assays between different ARIC visits 

(V1-V5), including the Roche hs-cTnT assay at visit 2 (serum, Roche Elecsys2010 

at UMN) and visit 4 (plasma, Cobas e411 at Baylor). Anticipated completion date of 

the calibration study is ~May 2013. If systematic differences are observed between 

hs-cTnT values obtained using the method at UMN in serum compared to the 

method used at Baylor in plasma, we will use a statistical calibration to align the 

measurements and correct for the bias (“drift”).   

 

Cardiovascular outcomes: The proposed study will focus on determinants of change in 

hs-cTnT and the associations of change in hs-cTnT with incident coronary heart disease, 

heart failure hospitalizations, and all-cause mortality. ARIC participants are contacted 

annually by telephone and reported hospitalizations and deaths are identified. ARIC 

investigators also survey lists of discharges from local hospitals and death certificates 

from state vital statistics offices for potential events. Hospital records are abstracted and 

potential coronary heart disease, ischemic stroke, and heart failure events (after 2004 

only) are adjudicated by an end points committee.  

 

Coronary heart disease: We will define incident coronary heart disease cases using 

the composite definition incorporating definite or probable myocardial infarction, 

cardiac procedures, and deaths from coronary heart disease identified during active 

surveillance for all hospitalizations and deaths among ARIC participants. 
 

Heart failure: We will identify incident hospitalizations and deaths related to heart 

failure using discharge codes (ICD-9 code 428 for hospitalizations and ICD-10 code 

I50 for deaths). Additionally, an expert panel has additionally adjudicated those 

heart failure events occurring after 2004. 

 

Mortality: Death from any cause identified during active surveillance of all 

participants in the ARIC study. 

 

Exclusions: Persons who did not attend visits 2 and 4, were missing information on 

exposures or covariates of interest, who had a history of cardiovascular disease (coronary 

heart disease, stroke, or heart failure) or chronic kidney disease at visit 2, persons whose 

race was reported to be other than white or black, and blacks in the Minneapolis and 

Washington County cohorts.  

 



Aim 1 - Statistical analyses: We will conduct analyses of risk factors for 6-year change in 

hs-cTnT (from visit 2 to visit 4) using linear and logistic regression models. We will 

characterize the associations of traditional cardiovascular risk factors (assessed at visit 2) 

with change in hs-cTnT from visit 2 to visit 4. Among persons with no detectable levels 

of hs-cTnT at visit 2, we will examine risk factors for incident detectable hs-cTnT at visit 

4 (binary variable). We will consider the following core models: 

 

 Model 1: age, sex, race-center. 

Model 2: age, sex, race-center, total cholesterol, body mass index, hypertension 

status, diabetes status, smoking status, and C-reactive protein. 

 Model 3: all variables in Model 2 + estimated GFR 

 Model 4: Framingham Risk Score (clinical categories) 

 

Aim 2 – Statistical analyses: We will categorize individuals as having undetectable and 

detectable concentrations of hs-cTnT at visit 2 and visit 4. Among persons with 

detectable concentrations of hs-cTnT, we split the population into approximate thirds as 

per previous analyses of hs-cTnT in ARIC (3). We will characterize change across these 

categories (i.e., movement from undetectable at visit 2 to detectable at visit 4 and, among 

persons with detectable concentrations of hs-cTnT at visit 2, movement across thirds of 

hs-cTnT from visit 2 to visit 4).  

 

We will conduct analyses with and without adjustment for baseline (visit 2) 

concentrations. In secondary analyses we will conduct analyses of past change– to 

answer the question of whether past concentrations and changes from visit 2 to visit 4 add 

prognostic value to current (visit 4) concentrations (9). It is possible that adjustment for 

baseline (visit 2) hs-cTnT concentrations may be biased due to regression to the mean. In 

contrast, adjustment for follow-up (visit 4) hs-cTnT may also be problematic since 

adjustment for baseline in the presence of measurement error can inflate regression the 

coefficients (10). Thus, we will also look at percent change without adjustment for hs-

cTnT at either visit. 

 

For comparability to previous epidemiologic studies with serial measurements of hs-

cTnT, we will compare the risk of cardiovascular events and mortality among persons 

with and without detectable hs-cTnT concentrations at follow-up before and after 

adjustment for confounding factors. Among participants with detectable hs-cTnT at visit 

2, we will categorize the population by categories of relative change in hs-cTnT level, i.e. 

greater than 50% increase, greater than 50% decrease, and change of 50% or less 

(reference group). We will compare risk of cardiovascular events and death across these 

categories. The 50% change cut-point was previously used in an analysis of hs-cTnT and 

cardiovascular events and death in the Cardiovascular Health Study (6). Due to 

limitations of the above–described (but previously used) approach we will also conduct 

analyses with three categories at each visit (undetectable, detectable, elevated). We will 

cross-classify these categories at the two visits to create a 3x3 grid (9 groups) and 

compare risk across these groups. If there is sufficient sample size (precision within 

cells), we will also examine tertiles within the detectable groups at visit 2 and visit 4 and 



generate a 4x4 grid (undetectable, detectable tertile 1, detectable tertile 2, detectable 

tertile 3) and compare risk across these 16 groups. 
 

We will generate Bland-Altman plots of hs-cTnT to compare the variability of hs-cTnT at 

the two visits. We will generate Bland-Altman plots on (difference against the mean) on 

the absolute and log scales to evaluate whether the variance is stabilized by the log 

transformation. 

 

We will generate a Kaplan-Meier plot to visually show the survival functions for the 

different outcomes by categories of 6-year change in hs-cTnT. We will estimate hazard 

ratios and their 95% confidence intervals using Cox proportional hazards models with 

adjustment for covariates. The proportional hazards assumption will be examined using 

log-(-log) plots and by testing risk factor-by-time interactions; if the assumption is 

violated the interactions term(s) will be kept in the model and the time-dependent nature 

of the risk will be interpreted accordingly. We will consider the following core models: 

  

 Model 1: age, sex, race-center. 

Model 2: age, sex, race-center, total and high-density cholesterol levels, body mass 

index, systolic blood pressure, hypertension medication use, diabetes status, smoking 

status, and C-reactive protein. 

Model 3: all variables in Model 2 + estimated GFR  

Model 4: all variables in Model 3 + left ventricular hypertrophy (calculated by ECG 

Cornell criteria) 

 

To characterize the continuous associations, we will generate piece-wise linear splines 

with knots corresponding to the cutoffs for the quartiles and we will also implement 

restricted cubic splines to obtain a smoother fit to the data. We will formally test for 

interactions by race and sex and present stratified analyses if there is evidence for 

interaction. 

 

Sensitivity analyses: We will conduct sensitivity analyses excluding persons with events 

between visits 2 and 4, excluding persons with low estimated GFR at visit 2, and analyses 

examining whether physical activity is an important confounding factor that should be 

included in our main analyses.  

 

Limitations: 

 Measurements of hs-cTnT at only two time points, 6 years apart. 

 The measurements of hs-cTnT were conducted by different laboratories at different 

time points. We will conduct a rigorous direct calibration study to assess 

comparability of these measurements and attempt statistical correction but it is 

possible that systematic differences due to laboratory methods, Roche reagents, etc 

may remain. 

 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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