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Rationale:  
Sudden cardiac death (SCD) is a significant burden to the health of the US population.  It 

is estimated that there are between 250,000 and 400,000 sudden cardiac deaths in the US 

each year, and SCD has few early specific warning signs distinct from those of non-

SCD/coronary heart disease deaths.  Nearly half of all coronary heart disease (CHD) 

deaths are sudden and approximately one third of these deaths are the first clinical 

manifestation of disease.  Thus, it is important to identify risk factors, both genetic, and 

environmental, for SCD.  Because out of hospital SCD is mostly not amenable to any 

treatment opportunities, it would be highly desirable to be able to identify persons at 

greatest risk of such an event before any clinical manifestation of CHD. 

 
 
5. Main Hypothesis/Study Questions: 

Attempts to differentiate the predictability of ECG abnormality for SCD from other 

CHD events, as there are no definitive studies of competing risk analysis of specific 

ECG variables for the prediction of SCD vs. CHD.  This paper addresses that deficit.  

We propose to distinguish separate electrocardiographic (ECG) and clinical 

algorithms for SCD and incident CHD.  The data from 2 long-term longitudinal, 

cardiovascular epidemiologic studies (the Atherosclerosis Risk in Communities 

(ARIC), and the Cardiovascular Health Study (CHS) were combined, and all 

cardiovascular heart disease deaths were reviewed by trained physicians to classify 

SCD and non-SCD/CHD deaths according to common protocol. 

 
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). 
 

The data for the present study were in part from the Atherosclerosis Risk In 

Communities Study (ARIC), a population-based, multicenter prospective study 

designed to investigate the natural history and etiology of atherosclerotic and 

cardiovascular disease events from 4 U.S. communities in Maryland, Minnesota, 



Mississippi, and North Carolina. Eligible participants were interviewed at home and 

then invited to a baseline clinical examination (1987–1989). They attended three 

further clinical examinations at approximately three-year intervals and received a 

follow-up telephone call yearly.  

 

The rest of the present cohort derived from the Cardiovascular Health Study (CHS) 

which was designed to assess cardiovascular disease, its outcome and risk factors in 

older individuals. CHS participants were identified from the Health Care Financing 

Administration Medicare enrollment lists in four widely separated U.S. 

communities, along with other household members over the age of 65 years at 

enrollment.  Recruitment centers were located in Washington County, Maryland; 

Forsyth County, North Carolina; Sacramento County, California; and Allegheny 

County, Pennsylvania.  Exclusion criteria for the Cardiovascular Health Study 

included active treatment for cancer, being wheelchair-bound or institutionalized, or 

being unable to participate in the examination.  Prevalent coronary artery disease, 

stroke and heart failure did not exclude participants from study enrollment. Details 

of the design, sampling, and recruitment, as well as the interview and examination, 

have been published previously (11). The CHS cohort included 5201 participants 

recruited in 1989-1990 and 687 additional subjects recruited in 1992-1993 to 

enhance the racial/ethnic diversity of the cohort (11). All participants were > 65 

years of age. Annual clinic exams were conducted between 1989-1999, and included 

recording of medical history, blood pressure, heart rate, electrocardiography and less 

frequently anthropometric measurements, fasting blood chemistries, 

echocardiography, carotid ultrasonography and other objective measurements.  Self-

report of cardiovascular diseases at baseline was validated according to standardized 

criteria through assessment of medications, medical records, and/or by relevant 

information obtained during the initial examination.  

 

Of the 21042 participants (15469 ARIC and 5573 CHS) with good quality ECG data 

included in our original dataset, 1815 (745 ARIC and 1070 CHS) had prevalent 

CHD when they entered the study and were deleted from the analysis of incident 



events.  Participants were coded according to whether or not they had an incident 

CHD event during follow-up (CHD: 1=Yes and 0=No). Events include incident 

MI/CHD/ECG MI/or coronary artery revascularization by the end of follow-up).  

Additionally, participants were coded as to whether or not they experienced a sudden 

death (SCD:  0=No Cardiac Death, 1=Definite Sudden Death, 2=Possible Sudden 

Death, 3=Non-sudden Death, and 5=Not classifiable).  Most (N=16475) participants 

had no event or a non-CHD death (13805 and 2670, respectively), and these are 

considered censored in the analysis at their date of last contact or death.   Two 

hundred fifty-one (251) participants experienced a definite sudden death as their first 

event.  Nonfatal CHD events occurred in 2233 participants.  Of these, 39 

subsequently experienced a definite sudden death, but for purposes of the incidence 

analysis, they are coded as having a CHD event. We just analyzed the first event for 

each participant. An additional 201participants experienced incident CHD deaths 

that were not considered sudden. The remaining 67 participants died, but their 

CHD/SD status could not be determined (57 considered possible sudden death and 

10 unclassifiable), and are excluded from the analysis, leaving 19160 evaluable 

participants. We also identified the following outliers: 54 HDL values (those < 20, 

>140),   68 LDL values< 40, > 400), 6 total cholesterol values (< 70, > 500), 4 

hematocrit values (< 20, > 73.7), 144 insulin values (> 100.8), 144 C-reactive 

protein values (> 30.4), 236 fibrinogen values (< 109.2, > 508.8), 303 triglyceride 

values (> 395.3), 130 uric acid values (< 1.2, > 10.8), 180 WBC values (> 12.2), and 

57 total calories values (< 500, > 6000).  The data of the participants with these 

values remain in the study, but their "out-of-range" values are replaced by a missing 

value.  

 

For descriptive purposes, the rates of SCD and CHD are calculated as the number of 

events divided by the person years of exposure. In addition to crude rates, SCD and 

CHD rates were calculated separately by age group, sex, and race, and these rates 

were weighted by the age, race, and sex Census 2000 distribution to obtain 

standardized rates. 

 



Cox's proportional hazards regression models were used to determine which 

demographic and clinical variables were associated with the risk of definite SCD and 

incident CHD events  (exclusive of definite or possible SCD)  and to assess the 

effects of ECG variables on these risks after adjustment for the demographic and 

clinical characteristics of the participants. Age was used as the timescale and birth 

cohort (<1920, 1920-1929, 1930-1939, and 1940+) was used as a stratification factor 

in all analyses (25). The participant’s age at first visit was considered the entry age 

and the age at the event was the participant’s age at which the first event occurred 

(i.e. the CHD event if one occurred before a sudden death). The demographic and 

clinical variables included gender, race, BMI, education, family history of stroke, 

family history of CHD, smoking status, alcohol use, asthma, cancer, diabetes, 

hypertension, Rose angina, Rose intermittent claudication, sport index (sport during 

leisure time), FEV1 (forced expiratory volume), HDL cholesterol, LDL cholesterol, 

total triglycerides, total cholesterol, SBP, DBP, hematocrit, white blood cell, total 

calories, dietary cholesterol, ankle brachial index, baseline fasting blood glucose, 

insulin, creatinine, fibrinogen, and uric acid (all variables from baseline data).  For 

each outcome, a backward stepping algorithm was used initially to determine the 

demographic and clinical characteristics that were significantly associated with that 

outcome. From those, a set of covariates (shown in Table 2) was selected that were 

associated with either SCD or CHD and these were the ones used in the multivariate 

models which assessed the effect of the ECG variables. Inherently continuous ECG 

variables were considered both continuously and categorically in separate Cox 

models.  The functional form of each continuous ECG variable was assessed using 

martingale residuals as suggested by Therneau et al (26). Hazard ratios are presented 

for a one standard deviation change in the ECG variable. In addition, for ease of 

interpretation, each continuous ECG variable was also categorized into quartiles 

 For the categorical ECG variables, hazard ratios are presented relative to the normal 

category.  For the categorized continuous variables, the hazard ratios are presented 

relative to the 4th quartile. 

 



A proportional hazards competing risk analysis (26) was then done to determine if 

the ECG predictors for the risk of incident CHD differed from those for the risk of 

definite SCD. Two additional strata were specified, one for each event type (CHD 

vs. SCD), and all 19160 participants appear in each stratum. The clinical and 

demographic characteristics that were significantly associated with the risk of either 

CHD or SCD were included in the model. The ECG variables were then included 

one at a time in the multivariable models which included the clinical and 

demographic covariates. The interaction between the ECG variable and event type 

was assessed to determine if the effect of the ECG variable differed by outcome, 

adjusting for common covariates. 

All analyses were performed with the SAS system for Windows and UNIX, version 

9.1. (SAS Institute, Inc, Cary, NC) 
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