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4. Rationale:  
 

Diabetes mellitus has a prevalence of 26 million among U.S. adults and is a major 
risk factor for cardiovascular disease including coronary heart disease (CHD) and heart 
failure (HF).1 Among individuals younger than age 20, the incidence of diabetes is 
expected to rise over the upcoming decades.1 An earlier onset of diabetes, and a longer 
duration of diabetes have been independently associated with subclinical atherosclerosis 
and cardiac dysfunction.2 We recently conducted an analysis among participants in the 
Atherosclerosis Risk in Communities (ARIC) Study, finding that a longer duration and 
earlier onset of diabetes were associated with a higher risk of HF.3 However, the biological 
mechanisms by which diabetes duration contribute to increased HF risk are not fully 
understood. 

Cardiac troponin is a biomarker of myocardial injury traditionally used to diagnose 
myocardial infarction. High-sensitivity cardiac troponin T (hs-cTnT) assays enable the 
measurement of troponin at much lower limits of detection as compared to earlier 
generation assays.4 Among participants in the ARIC Study, diabetes was independently 
associated with elevated hs-cTnT and this is turn was associated with higher risk for 
clinical events including HF, CHD, and death.5 Among older ARIC participants (67 years-
89 years) with diabetes, hs-troponin elevations were associated with a higher comorbidity 
burden as well as a mortality risk independent of other comorbidities.6 However, the degree 
to which the duration of diabetes is associated with subclinical myocardial injury remains 
unknown. The ARIC study, which includes serial characterization of diabetes status as well 
as measurements of hs-cTnT, serves as an ideal cohort for characterizing the association of 
diabetes duration with markers of myocardial injury.  

The current proposed study aims to determine the association between the duration 
of diabetes and subclinical myocardial injury, as reflected by hs-cTnT, using data from 
visits 1-4 in ARIC. We hypothesize that longer duration of diabetes will be associated with 
a higher likelihood of hs-cTnT elevation. As there are known demographic differences in 
the association between diabetes and HF, we will also aim to determine whether these 
associations vary by age, sex, race, and glycemic control.  
 
5. Main Hypothesis/Study Questions: 
 
Aim/Hypothesis: 
  
To determine whether longer duration of diabetes is associated with higher levels of hs-
cTnT, a marker of subclinical myocardial injury. 
 
To determine whether the association with diabetes duration and hs-cTnT varies by age, 
sex, and race demographics, as well as by degree of glycemic control.  
 
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 study of ARIC Visit 4 participants, examining the 
association of diabetes duration from Visit 1 through Visit 4 (based on assessment of 
diabetes status at each visit, as well as data on self-reported age of diabetes diagnosis 
collected at Visit 3) with measures of hs-cTnT at Visit 4. Individuals without diabetes 
will serve as the reference group. 
 
Exposures: The primary exposure will be diabetes duration. Diabetes will be defined as 
prevalent diabetes per ARIC, which is defined as fasting blood glucose ≥ 126 mg/dl, non-
fasting blood glucose ≥ 200 mg/dl, self-reported physician diagnosis of diabetes, or self-
reported use of diabetes medications. 
 
In order to account for glycemic control as a potential effect modifier, we will utilize 
hemoglobin A1C (A1C) data from Visits 2 and 4. A1C was not directly measured at Visit 
4; therefore, we will use measures of fructosamine to calculate A1C at Visit 4.  
 
Diabetes duration will be calculated based on diabetes status at each visit from Visit 1 to 
Visit 4. For the purpose of this analysis, we will assume that once diabetes is diagnosed, 
it will persist. Data on self-reported age of diabetes diagnosis (from Visit 3) will be used 
to determine the duration of diabetes among individuals with a prior physician diagnosis 
or use of hypoglycemic medications at Visit 1. Diabetes duration will be modeled 
categorically (0-<5 years, 5-<10 years, 10-<15 years, and >15 years), as well as 
continuously (per 5 years of diabetes duration). 
  
Outcomes: The primary outcome is elevated hs-cTnT, defined as ≥ 14ng/L, a cut- point 
that was shown previously to relate to cardiovascular endpoints and mortality.7,8 The 
secondary outcome is measurable troponin (≥6 ng/L). We will also model hs-cTnT 
continuously, imputing a value of 1.5 ng/L for those with undetectable hs-cTnT as has 
been done in prior analyses. When modeled continuously, hs-cTnT will be log 
transformed to account for its skewed distribution. 
 
Exclusions: We will exclude participants with a history of HF or coronary heart disease 
at or before Visit 4 (self-reported HF or CHD at visit 1 or HF-related hospitalization or 
death, adjudicated nonfatal myocardial infarction or coronary revascularization event, or 
silent myocardial infarction by electrocardiographic criteria at or before Visit 4), those 
missing data on diabetes status at any of the first 4 visits and the small number of 
individuals not of black or white race.  
 
Covariates: Age, sex, race-center, smoking status, alcohol use, body mass index, LDL-
cholesterol, HDL-cholesterol, systolic blood pressure, triglycerides, and estimated 
glomerular filtration rate (eGFR) at Visit 4.  
 
 
 



Main Analyses:  
 
We will compare characteristics of Visit 4 participants based on the presence of diabetes 
and diabetes duration at V4 (no diabetes at Visit 4; diabetes duration 0-<5 years, 5-<10 
years, 10-<15 years, >15 years). The chi-square test will used for comparison of 
categorical variables and ANOVA will be used for continuous variables. 
 
Logistic regression will be used to determine the association of diabetes duration with 
elevated and measurable hs-cTnT levels at Visit 4. We will model diabetes duration 
categorically as described above (visit of diabetes onset; categories of years of diabetes 
duration). We will also model diabetes duration continuously (per 5 years of diabetes 
duration) and will construct restricted cubic splines in order to allow for deviations from 
linearity in assessing the continuous association between diabetes duration and the odds 
of elevated hs-cTnT. We will additionally consider linear regression analyses examining 
the association between diabetes duration and ln hs-cTnT modeled continuously. We will 
use 2 levels of adjustment, to order to assess the degree to which associations are 
independent of traditional risk factors: 

- Model 1: adjusted for age, sex, race-center, smoking status and alcohol use 
- Model 2: Model 1 variables + body mass index, LDL-cholesterol, HDL-

cholesterol, systolic blood pressure, triglycerides, and estimated glomerular 
filtration rate (eGFR) 

 
We will also perform analyses stratified by age (<65 or ≥65 years) in an effort to 
distinguish between duration of diabetes and participants’ age, as well as analyses 
stratified by sex and race. To examine the associations of duration of diabetes across 
levels of diabetes severity, we will perform an analysis that stratifies based on glycemic 
control (A1C <7% at both V2 and V4, or greater than 7% at either visit). We will test for 
multiplicative interactions of glycemic control, age, sex, and race with diabetes duration 
on the outcomes of elevated and measurable hs-cTnT. 
 
We will consider an analysis in which we examine the association between cumulative 
exposure to hyperglycemia from Visit 1 to Visit 4, calculated in “excess A1C years” and 
hs-cTnT levels at Visit 4. This will require imputation of A1C at Visits 1 and 3 where it 
is currently unmeasured, using multiple imputation chained equations (MICE) which is 
currently being explored for other ARIC analyses. “Excess A1C years” will be calculated 
by centering the A1C variables at each of the first 4 ARIC visits at 7% and multiplying 
the average A1C by the interval of monitoring (from Visit 1 to Visit 4, approximately 9 
years).  
 
Secondary Analyses:  
 
We will consider generating distinct categories for diabetes at Visit 1 diagnosed by 
glucose at the study visit only compared to diabetes diagnosed previously by a physician 
or by the use of hypoglycemic medications.  
 
Limitations: 



1. Survival bias inherent in studying Visit 4 participants, who were healthy enough 
to survive to that time point. Importantly, it is likely that those with elevated hs-
cTnT at prior visits and long duration of diabetes are less likely to survive to Visit 
4 without CVD events.   

2. Residual confounding due to the observational nature of the study. 
3. Lack of clarity regarding the exact timing of diabetes onset between 3-year visits 

from visits 1 to 4. 
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