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3. Timeline: 

Data to be used in this proposal are already available.  Analyses and manuscript 

preparation will be performed over the next six months.   

 



4. Rationale:  

 Cardiovascular disease is the leading cause of death in patients with diabetes.
1
  

Randomized trials have demonstrated that improvements in glucose control can lead to a 

significant decrease in microvascular complications, but a similar decrease in 

macrovascular complications has not been observed.
2-4

  In contrast, diabetic individuals 

who are treated for elevated traditional cardiovascular risk factors (e.g. blood pressure 

and hyperlipidemia) have a significantly reduced risk of macrovascular events.
5-8

  

 The “Common Soil hypothesis” suggests that macrovascular complications may not 

be directly attributable to the hyperglycemia of diabetes.
9
  Instead, diabetes and 

macrovascular disease may arise from a similar set of underlying genetic and 

environmental risk factors.  In particular, obesity, dyslipidemia, and hypertension are 

established risk factors for both diabetes and cardiovascular disease.  These shared risk 

factors may indicate that diabetes and cardiovascular disease may develop in parallel, 

rather than macrovascular disease occurring as a result of diabetes induced 

hyperglycemia.   

 The “Ticking Clock hypothesis” is similar in that it does not attribute the increased 

risk for macrovascular disease to hyperglycemia.  Instead, it proposes that the risk of 

developing macrovascular complications is due to traditional cardiovascular risk factors 

and begins long before an individual reaches the glycemic threshold for diabetes.
10

  

Individuals typically are obese, dyslipidemic, and have high blood pressure before they 

meet the diagnostic criteria for diabetes.  This suggests that while a consistent state of 

hyperglycemia, which heralds the clinical diagnosis of diabetes, may increase the risk of 

microvascular disease it is not necessarily the major underlying risk factor for the 

development of macrovascular disease.  Therefore, an increased risk for macrovascular 

disease due to an elevation of traditional cardiovascular risk factors may accrue for years 

before the clinical diagnosis of diabetes.  In support of this hypothesis Hu et al noted that 

individuals who developed diabetes had a greater than two-fold risk for macrovascular 

complications at more than 15 years before their diagnosis of diabetes.
11

     

 Cardiac troponin is a highly specific marker of myocardial necrosis and a key 

component in the diagnosis of myocardial infarction.
12

  A recently developed highly 

sensitive cardiac troponin assay (hs-cTnT) can detect cardiac troponin at levels 

approximately 10 times lower than traditional assays and in the general population an 

elevated level of hs-cTnT is associated with an increased risk of incident cardiovascular 

disease.
13, 14

  Hs-cTnT has also been associated with transient myocardial ischemia and 

has been suggested as a marker of subclinical myocardial injury.
15, 16

  Furthermore, 

individuals with diabetes have a significantly higher level of hs-cTnT compared to those 

without diabetes.
17, 18

   

   Previous studies have shown that individuals with impaired fasting glucose or diabetes 

have an increased risk for subclinical atherosclerosis as detected by coronary artery 

calcium scanning.
19-21

  However, the association between the presence of subclinical 

damage to the myocardium and the subsequent risk of diabetes is uncharacterized.  If 

myocardial damage precedes diabetes, this undermines the notion of a causal link 

between hyperglycemia and cardiovascular disease and might explain why tight glycemic 

control fails to modify cardiovascular disease risk in adults with long-standing diabetes.   

 

 



  5. Main Hypothesis/Study Questions: 

   

Hypothesis:  

1) Subclinical myocardial damage as indicated by the presence or elevation in hs-

cTnT will be associated with an increased risk for incident diabetes among 

persons with no history of diabetes or cardiovascular disease at baseline.   

 

2) Among participants with diabetes at baseline (Visit 4) the risk of developing 

coronary heart disease will be significantly attenuated after adjustment for 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: 
- Prospective analysis with baseline at Visit 4 

 

Inclusion criteria: 

- Participants in whom a serum hs-cTnT was measured at Visit 4 (n~11,000) and with 

annual follow up data 

 

Exclusion criteria: 

- Participants with known coronary artery disease (history, EKG evidence of angina or 

myocardial infarction), participants with a known history of diabetes (self-report), 

participants without a recorded hs-cTnT measurement, and participants with an eGFR 

<60mL/min/1.73m
2
.  Participants with missing data on important confounders 

 

Exposure Variable: 

- hs-cTnT (by quintile) and modeled continuously. For the categorical analyses, those 

participants with undetectable levels (33.5% of all ARIC participants) will be the 

reference group (group 1). The remaining participants with detectable levels will be split 

into approximate thirds: cTnT levels 0.003 to 0.005 µg/L (group 2), 0.006 to 0.008 µg/L 

(group 3), and higher levels divided at approximately the 90th percentile of the ARIC 

general population (group 4: 0.009 to 0.013 µg/L), Those particpants with elevated hs-

cTnT (group 5: ≥0.014 µg/L) will be defined as a level above the previously reported 

99th percentile value (0.014 μg/L) in a healthy subpopulation aged 20–70 years (Roche 

Diagnostics, data on file). In addition, we will also model hs-cTnT as a continuous 

variable with undetectable levels of hs-cTnT assigned a value of 0.0015 μg/L (i.e., half 

the lower limit of detection). 

 

 

Confounding/Interacting Variables: 

-Age, sex, race, cholesterol levels (total, LDL, HDL), blood pressure, serum glucose, 

hypertension, body mass index (height, weight), waist to hip ratio, glomerular filtration 



rate, cystatin C, smoking (current, former, never), hs-CRP, alcohol consumption, family 

history of diabetes, lactate, insulin, HOMA-IR 

 

Outcome Variables: 

- Primary: Incident diabetes, using information on diabetes diagnoses and diabetes 

medication use obtained during the annual telephone follow-up calls to all participants 

(AFU). 

 

Analysis plan and methods: 

Analyses will be conducted based on quintiles of detected hs-cTnT (as defined 

previously).  We will also make comparisons for undetected versus detected levels of hs-

cTnT.  Baseline differences on continuous variables will be compared using one-way 

ANOVA testing and categorical variables will be compared with chi-squared testing.  

Hazard ratios and associated confidence intervals will be calculated for the primary 

endpoint (incident diabetes) by quintile of hs-cTnT.  Additional models with progressive 

degrees of adjustment for established diabetes and cardiovascular risk factors will be 

performed. Model 1: sociodemographics, Model 2: Model 1 + lifestyle + risk factors + 

family history, Model 3: Model 2 + eGFR + novel biomarkers, Model 4: Model 3 + 

fasting glucose 

 

hs-cTnT will also be modeled as a continuous variable using spline models and we will 

formally test the significance of deviation from linearity using a spline with a knot at the 

mean hs-cTnT.   

 

An analysis examining the association between diabetes at baseline (Visit 4) with 

incident CHD before and after adjustment for hs-cTnT will be performed to examine if 

hs-cTnT can explain most of the association of DM with CVD outcomes.  If true, this 

would support our hypothesis that cardiac damage pre-exists/co-exists with the 

development of diabetes.    

 

Sensitivity analyses: We will conduct sensitivity analyses excluding individuals with 

baseline fasting glucose levels of ≥100 (pre-diabetics and undiagnosed diabetics) or >126 

(undiagnosed diabetics) and for follow-up periods of <5 years and >5 years.   

 

We will also use information on diabetes cases, blood glucose levels and HbA1c 

measurements obtained in a subsample of persons at the CARMRI visit in 2005-2006. 

Using the CARMRI subsample, we will examine the association of hs-cTnT with change 

in serum glucose level between Visit 4 and the CARMRI visit in 2005-2006. In addition 

we will examine the association of hs-cTnT with incident diabetes defined by a fasting 

glucose ≥ 126 mg/dl, HbA1c ≥6.5% obtained at the CARMRI visit.   
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