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4. Rationale:

Cardiovascular disease is the leading cause of morbidity and mortality in persons with diabetes
mellitus . Diabetes confers approximately a 2-fold increase in risk of cardiovascular events, not
entirely explained by traditional risk factors.

Epidemiologic studies have demonstrated an association between measures of glycemia and
cardiovascular disease in persons with and without diabetes. Hemoglobin Alc (HbAlc), a
marker of chronic hyperglycemia, is associated with incident coronary heart disease > *, stroke
[3-61 peripheral arterial disease!” . heart failure ' | total cardiovascular events, and all-cause

mortality P12,

Hyperglycemia is also associated with echocardiographic subclinical left ventricular dysfunction
[13-16] Interestingly, HbAlc has also been shown to be associated with increased left ventricular

mass in non-diabetics persons '),

Newly identified biomarkers have improved the accuracy in the diagnosis of subclinical
ventricular dysfunction. B-type natriuretic peptide is closely associated with left ventricular mass
index "™ and accurately detects heart failure ') N-terminal pro-brain natriuretic peptide (NT-
proBNP) is also associated with cardiovascular risk (207 and mortality (21 2] ‘When compared to
BNP, NT-proBNP was superior in the prediction of death in the general population'””. NT-
proBNP is elevated in patients with diabetes ** **! and has been demonstrated to detect
subclinical left ventricular dysfunction®™. It is also a reliable marker of future cardiac and all
cause mortality in persons with diabetes *°.

Cardiac Troponin-T (cTnT) is associated with cardiovascular disease risk and adverse outcomes
in both the general population and in high-risk groups *”). Newer highly sensitive cardiac
troponin-T (hs-cTnT) assays have demonstrated greater sensitivity as compared to earlier cTnT
assays ** and have also shown to be associated with cardiovascular death and heart failure in

subjects with stable coronary artery disease >,

Measurement of NT-proBNP and hs-cTnT from stored samples from all participants who
attended the fourth ARIC visit will provide a population-based sample in which to assess the
relationship of hyperglycemia to these markers of myocardial damage. We therefore propose to
test the hypothesis that chronic hyperglycemia, as assessed by hemoglobin Alc, is associated
with subclinical myocardial damage indicated by elevated NT-proBNP and hs-cTnT values, after
controlling for covariates of interest.

5. Main Hypothesis/Study Questions:
Hypothesis 1: HbAlc will be positively associated with subsequent elevations in hs-cTnT
a) The association above will be present both in persons with and without diabetes.

b) The association will be present independent of known cardiovascular risk factors.

Hypothesis 2: HbAlc will be positively associated with subsequent elevations in NT-proBNP



a) The association will be present both in persons with and without diabetes.
b) The association will be present independent of known 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 study with baseline at visit 2.

Exposure: Hemoglobin Aic (HbA1c) (available at visit 2 only)
We measured HbAlc from stored whole blood specimens in ARIC as part of ARIC Ancillary
Studies #2003.5 and #2006.15. HbAlc data are available on all participants at ARIC Visit 2.

Outcomes:
NT-proBNP and hs-cTnT measured in all participants with stored samples at Visit 4

Inclusions
All black and white ARIC subjects with data on HbAlc at visit 2 who subsequently attended
visit 4 and have data on NT-proBNP and hs-cTnT available (n = 11,500).

Exclusions:
Ethnicity other than black or white, missing HbAlc at visit 2, missing hs-cTnT at visit 4 (for
hypothesis #1), missing data on NT-proBNP at visit 4 (for hypothesis #2), or missing covariates
of interest.

Definition of Diabetes

Subjects will be classified as having a history of diabetes at Visit 2 if they report a physician
diagnosis of diabetes or medications for diabetes at either Visit 1 or Visit 2. Undiagnosed
diabetes will be defined as a fasting glucose >=126 mg/dl or non-fasting glucose >=200 mg/d at
Visit 2, with sensitivity analyses using the Visit 1 glucose measurements to identify diabetes
cases.

Covariates
Other variables of interest will include age, sex, race, center, smoking status, body mass index,
waist-hip ratio, blood pressure, hypertensive medication use, diabetes medication use, education,
triglycerides, HDL and LDL cholesterol and kidney function (estimated GFR from serum
creatinine).

Potential effect modifier: cardiovascular disease history (self-reported history of CHD,
stroke/TTA, or incident adjudicated non-fatal event prior to Visit 2).

Statistical Analysis

We will use linear and logistic regression models to assess the association between baseline
HbAlc (Visit 2) and later measurements of hs-cTnT and NT-proBNP (Visit 4). For example,
multivariable logistic regression models will be used to estimate odds ratios and corresponding




95% ClIs for hs-cTnT or NT-proBNP levels above the 99% percentile, respectively, by categories
of HbAlc . (NOTE: In the recent Omland et al paper in NEJM ?°), hs-cTnT was associated with
cardiovascular morbidity below the 99th percentile ). Due to the nature of its distribution, log
transformation of NT-proBNP may be indicated for regression modeling. HbAlc will be
modeled as: (1) a continuous variable; and (2) in clinical categories in persons without a history
of diabetes (<5, 5-<5.5, 5.5-<6, 6-<6.5 >6.5%) and in persons with diagnosed diabetes (<7, 7-<8,
>8%). We will also conduct analyses implementing linear splines (e.g., knots at quartiles or at
clinical cut-points) and restricted cubic splines in multivariable models to characterize the shape
of the association with HbAlc. We will first conduct all analyses stratified by diagnosed diabetes
status; then, second, we will generate diabetes-specific categories of HbAlc (and fasting
glucose) at baseline to assess the relationship of hyperglycemia with hs-cTnT and NT-proBNP
across the entire spectrum of impaired glucose homeostasis. We will formally test for interaction
between HbAlc level and prevalent cardiovascular disease at baseline. If effect modification is
present, we will conduct all analyses stratified by cardiovascular disease status at baseline.

We will also conduct sensitivity analyses censoring those persons with incident cardiovascular
events during follow-up (i.e., incident cardiovascular disease occurring between Visit 2 and Visit
4). Additional sensitivity analyses will be conducted excluding individuals taking blood pressure
lowering medications at baseline and exploring different definitions of diabetes (e.g., using
glucose data from Visit 1, for example).

Limitations

Because hs-cTnT and NT-proBNP data will only be available at Visit 4 and HbAlc data are only
available at Visit 2, we will not be able to establish the temporality of any observed associations.
Despite adjustment for known risk factors for cardiovascular disease, we will also not be able to
rule out the possibility of residual confounding in the interpretation of our results.
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