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4. Rationale:
Multiple studies have evaluated a host of noninvasive and invasive measures to
identify high-risk patients at risk for ventricular arrhythmias and sudden cardiac
death (SCD)."® The majority of these risk stratification efforts have been directed



toward patients with advanced cardiomyopathies.* These studies have demonstrated
consistently that impaired left ventricular function identifies patients at an increased
risk for ventricular arrhythmias and death. Most SCD events, however, occur in the
general population®” where prediction algorithms have not been evaluated
systematically.

Recently, our group evaluated SCD prediction among women with coronary
artery disease in whom the overall rate of SCD was less than that observed in
populations with established cardiomyopathies. Our findings demonstrated that the
combination of clinical risk factors and LVEF (C-index 0.681) was a better predictor
of SCD events than LVEF alone (C-index 0.600). ® While clinical characteristics in
this study substantially improved risk prediction, the C-index of 0.681 for the
combined model is still relatively low suggesting that additional variables including
biological markers need to be evaluated to better stratify higher risk populations who
do not yet have a LVEF < 35%.

Several epidemiologic studies have elucidated potential mechanisms in the SCD
pathway by evaluating the independent associations between biomarkers and SCD in
population-based studies.”™? No study, however, has assessed whether the inclusion
of any individual or combination of biomarkers in a model based on clinical risk
factors results in a more accurate risk assessment and prediction. The identification
of novel risk predictors early in the natural history of conditions predisposing to
SCD is an important epidemiological task that has been prioritized by the National
Heart, Lung, and Blood Institute.®

In this population-based sample of individuals with minimal cardiovascular
disease at baseline, we plan to evaluate important risk factors and predictors for
SCD. In addition, we plan to evaluate the incremental predictive value of a panel of
biomarkers when added to traditional risk factors. These biomarkers reflect diverse
pathophysiological pathways implicated in cardiovascular disease including
inflammation (C-reactive protein), neurohormonal regulation and hemodynamic
stress (NT-pro BNP), cardiac injury (high sensitive cardiac troponin T), and kidney
function (cystatin C). Finally, we will validate our findings from the Cardiovascular
Health Study where we have identified a series of clinical risk factors and predictors
for SCD.

Main Hypothesis/Study Questions:
We hypothesize the following:

A. The analysis of cardiac biomarkers will identify a combination that improves risk
stratification for SCD beyond clinical risk factors.

B. The risk prediction model derived in the Cardiovascular Health Study, a
population-based study of the elderly, will be validated in ARIC.

C. The optimal risk prediction model for SCD will be different than that for non-
sudden cardiac death (non-SCD).



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).

Part 1: Exploratory analyses of baseline ARIC data:

A. We will start by identifying a baseline model that contains demographics, clinical
parameters, and medical history. Specifically, the association between the baseline
covariates listed below and SCD will be evaluated. Those variables that are associated
with SCD at a p-value < 0.1 will be included in a backward stepwise elimination model.
A retention criteria of p<0.2 will then be used to select candidate variables to be included
in the multivariate Cox proportional hazards model. The specific variables of interest
include the following:

Demographic and Clinical Parameters:
Age, gender, race,
Education
Smoking (current, former)
Alcohol use
Body mass index
Physical activity
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Hypertension
- BP mean (systolic and diastolic)
Diabetes
Coronary Heart Disease
Congestive Heart Failure
Stroke

Family history of cardiovascular disease
Estimated GFR (creatinine-based)

Laboratory measures:
Calcium, phosphorus, potassium, albumin, hemoglobin, LDL, HDL

Electrocardiographic measures: atrial fibrillation, left ventricular hypertrophy, QT
interval (msec), left bundle branch block

B. The C-index for this ARIC-derived model using baseline variables will be calculated.

Part I11: Biomarker Data (Visit 4):




Using the final model in part I, we will evaluate whether biological markers from visit 4
(CRP, BNP, Cystatin C, high-sensitivity troponin T) improve SCD risk prediction (C-
statistic). Specifically:

A. Survival analyses using Cox proportional hazards modeling: Evaluate the unadjusted
association between each biomarker and SCD. Biomarkers will be modeled as linear (per
SD) and categorical (quartiles) variables.

B. Adjusted analyses: we will evaluate whether each biomarker is independently
associated with SCD after adjustment for those variables that comprise the final model
from part 1.

C. Those biomarkers that are independent risk factors for SCD will be included in the
final model and the C-statistic for the model with and without biomarker data will be
calculated.

D. Since the basic clinical, demographic model is nested within the biomarker model, we
will evaluate whether the difference in C-statistic is statistically significant.

Part I11: Validation Analyses:

Our next aim will be to validate the SCD risk factors and predictors identified from the
Cardiovascular Health Study (CHS) (C-statistic 0.81) in ARIC (using baseline data).
These risk factors include the following: age, African American race, male gender,
diabetes, prevalent coronary heart disease, prevalent stroke, prevalent congestive heart
failure, family history of cardiovascular disease, serum albumin, LDL, and estimated
glomerular filtration rate.

A. Survival analyses using Cox proportional hazards modeling: We will assess the
unadjusted and adjusted association between each risk factor above (baseline) and SCD
in ARIC. We will adjust for the other risk factors depicted above.

B. Next, we will calculate the C-statistic for predicting SCD using the combination of
these risk factors.

Part IV: Comparing prediction models for SCD and non-sudden cardiac death

In this next part, we will compare the ability of the SCD risk prediction model from
above to discriminate SCD and non-SCD events. We will also compare a series of
baseline risk factors and determine whether they have a stronger association for SCD
compared to non-SCD. Risk factors that are disproportionately associated with SCD
compared to non-SCD could have the greatest impact on risk prediction algorithms.

A. After identifying the optimal risk prediction model for SCD in CHS and ARIC as
proposed above, we will assess the C-statistic of this model for predicting non-SCD in
each cohort. The C-statistics for SCD and non-SCD will then be compared statistically.



B. We will next create a risk prediction model for non-SCD in ARIC and CHS. The
association between the baseline covariates outlined in part | above (demographic and
clinical parameters, laboratory measures, electrocardiographic measures, and biomarkers)
and non-SCD will be evaluated. Those variables that are associated with non-SCD at a p-
value < 0.1 will be included in a backward stepwise elimination model. A retention
criteria of p<0.2 will then be used to select candidate variables to be included in the
multivariate Cox proportional hazards model. Non-SCD will include deaths from
coronary heart disease, myocardial infarction or hypertension.

C. Finally, we will use the method of data duplication of Lunn and McNeil* to compare
the strength of associations of baseline risk factors with SCD and NSCD. Variables that
comprise the SCD and non-SCD prediction models will be evaluated in this comparative
analysis. We will stratify on type of event rather than assuming proportional hazards for
event type. The procedure will use robust standard errors as recommended by Tai et al. *®
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