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4. Rationale:

Sudden cardiac death (SCD) is a major health issue claiming at least 250,000 lives in
the U.S. on an annual basis (1,2). The unexpected nature of this devastating condition
compounds the urgency of discovering methods for early detection of risk, which will
lead to more effective prevention. However, the complex and dynamic nature of SCD
continues to present a considerable challenge for the early identification of risk factors.
The only major risk factor used for risk stratification in clinical practice is measurement
of the left ventricular ejection fraction (LVEF). Severely decreased LVEF is likely to
manifest late in the natural history of SCD, and may only affect a small subgroup of
patients who will suffer SCD. In a prior ARIC community surveillance study, about a
third of CHD deaths were sudden, occurring within an hour after the onset of symptoms,
but majority of the sudden deaths (63.5%) had no prior diagnosis of CHD (3). The Ore-
SUDS (Oregon Sudden Unexpected Death Study) showed women were significantly less
likely than men to have a diagnosis of structural heart disease (LV dysfunction or
coronary artery disease) before sudden cardiac arrest (4). This highlights the complexity
of risk stratifying individuals for SCD purely based on left ventricular ejection fraction.

ARIC and CHS cohorts provide a unique opportunity to study antecedent structural
heart disease prior to SCD and to assess for any differences across demographic
subgroups and communities. To date, we are not aware of any literature that has carefully
examined echocardiographic features as predictors of SCD. Over a median follow up of
14.1 years in ARIC and 12.2 years in CHS, 334 whites and 164 blacks experienced
sudden cardiac death (cumulative incidence rate per 1,000 person-years: 2.0 overall; 1.4
in ARIC and 4.5 in CHS; 1.8 in whites and 2.9 in blacks). Given the older age of the CHS
cohort, 222 of the 498 SCD events (45%) occurred in CHS while 276 events occurred in
ARIC. Of all CHD mortality adjudicated (N = 985), 40.2% were classified as definite
SCD and 10.4% as possible SCD. The majority of cases of SCD occurred out of hospital
(90%). Echocardiographic data is available in both cohorts: the Jackson cohort of ARIC
study underwent echocardiograms during 1993 -1995 and the initial CHS cohort
underwent echocardiograms from 1988 to 1989 and the second CHS cohort (African
American) underwent echocardiograms during 1994 - 1995.

Prior data from CHS has shown increased left ventricular mass to be associated with a
higher risk of mortality even after adjusting for the traditional cardiac risk factors (9) and
increasing aortic root dimensions to be a modest predictor of CVD mortality (HR 1.3-1.6
per cm of aortic root) (10). In the Jackson cohort of ARIC, left ventricular mass (in men)
(11), presence of mitral annular calcification (12) have predicted an increased risk of
coronary heart disease (fatal and hospitalized Ml).



In this proposal we will evaluate the echocardiographic features in participants from
the Jackson cohort and CHS cohort who died of sudden cardiac death and compare to
participants who are alive controlling for known cardiovascular risk factors and in
particular, will focus on stratified analysis by gender.

5. Main Hypothesis/Study Questions:

1. We hypothesize that participants with impaired LV systolic function (EF <50%)
will have increased risk of sudden cardiac death compared to participants with
normal LV systolic function.

2. We hypothesize that compared to men; more women who died of sudden cardiac
death will have preserved LVEF.

3. The prevalence of left ventricular dilatation, aortic root dilatation, left ventricular
hypertrophy and left atrial dilatation will be higher in participants who died of
sudden cardiac death.

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 population

The ARIC study and CHS are both population-based prospective cohort studies of
cardiovascular disease. The ARIC Study included 15,792 persons aged 45-64 years at
baseline (1987-89), randomly chosen from four US communities (Forsyth County, North
Carolina; Jackson, MS; suburbs of Minneapolis, MN; and Washington County,
Maryland) (5). ARIC cohort members have completed four clinic examinations,
conducted approximately three years apart between 1987 and 1998. During the third
study visit (1993-1995), participants at the Jackson, MS, site underwent
echocardiographic examination (6). The Jackson, MS, field center recruited only African
Americans. CHS included 5,888 participants > 65 years of age identified from four U.S.
communities (Forsyth County, North Carolina; Sacramento County, California;
Washington County, Maryland; and Pittsburgh, Pennsylvania) using Medicare eligibility
lists (7). The initial CHS cohort (n=5201) underwent echocardiograms from 1988 to 1989
and for the second cohort (African American, n=687), echocardiography was performed
in 1994 to 1995, 2 years after their entry into the study (8). We will study the entire CHS
cohort (n=5888) and the Jackson Cohort of ARIC (h=2445).

Exclusion criteria: Participants with missing echocardiographic data

Predictor variables:

i. Left ventricular internal dimensions: end-diastolic and end-systolic
ii. Left ventricular ejection fraction

iii. Left ventricular mass

iv. Type of left ventricular hypertrophy: eccentric vs. concentric

v. Mitral annular calcification



vi. Aortic root dimension
vii. Aortic regurgitation and mitral regurgitation
viii. Aortic stenosis and sclerosis

Outcome variable:

In this combined ARIC and CHS cohort, all cases of fatal CHD (definite MI, definite
fatal CHD, or possible fatal CHD, in and out of hospital) that occurred by July 31, 2002
in CHS and December 31, 2002 in ARIC were reviewed and adjudicated by a committee
of physicians. SCD was defined as a sudden pulseless condition from a cardiac origin in a
previously stable individual. After review of available data, cases were classified as
definite sudden arrhythmic death, possible arrhythmic death, not sudden arrhythmic
death, or unclassifiable. SCD was defined as the first 2 categories. Cases were identified
as either in or out of hospital deaths. The primary outcome of SCD described in the
present study used only definite SCD cases in the analyses.  Also, for the present
analyses, participants were censored at time of loss to follow up or death if the cause of
death was other than SCD. Over a median follow up of 14.1 years in ARIC and 12.2
years in CHS, 334 whites and 164 blacks experienced sudden cardiac death.

Covariates (from the time of the echocardiographic exam):

Age, gender, race, study center, education level, heart rate, smoking status (current,
former/never), body mass index, hypertension (SBP > 140 mmHg or DBP > 90 mmHg or
antihypertensive medication use or physician diagnosis of hypertension, diabetes,
hypercholesterolemia, history of Ml, coronary heart disease, heart failure, and use of (-
blockers and anti-arrhythmic drugs.

Statistical analysis

Data from the CHS participants who underwent echocardiogram in year 2 (n = 5176 from
the original cohort) and in year 7 (n = 507 from the African American cohort) and
African American subjects (n=2,445) from the Jackson ARIC cohort will be pooled
together and analyzed. Data collection from echocardiography in the two studies was
similar. Data variables that are available in both studies will be included in this present
analysis.

We will provide descriptive statistics on participants in the analysis who did and did not
sustain SCD. We will estimate associations between measures of LV structure and
function and subsequent SCD using Cox proportional hazard models first adjusting for
age and sex and then also for cardiovascular risk factors, cardiac medications and
comorbid conditions. Effect modification would be examined by age, sex, race, renal
disease before the echocardiogram. We would repeat these analyses screening other
echocardiography variables for their association with SCD after the echocardiogram.
These variables will include left atrial size and function, valvular regurgitation, valvular
stenosis, aortic root size.

Summary/conclusion

We will seek associations between echocardiographic data and incident sudden cardiac
death. This is particularly important as a significant proportion of sudden deaths still
occur in the individuals without a history of coronary artery disease. If echocardiographic



features are predictive of sudden death, then the implications about the possible
prevention of SCD will be substantial.
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