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4. Rationale:  



The decline in coronary heart disease (CHD) mortality, observed in developed countries 
over the past fifty years1, 2, has not been uniform3, 4.  Moreover, despite clinical and 
public health interventions, sudden cardiac death remains a significant public health 
burden continuing to contribute fifty percent of total coronary heart disease mortality5, 6.  
Identification of those at risk for sudden cardiac death is hampered by lack of specificity 
of the traditional risk factors7.  This is especially an issue in the low to moderate risk 
populations, which contribute the largest overall proportion of sudden cardiac death 
cases8.   It becomes important therefore, in an effort to conduct effective primary 
prevention, to identify sudden cardiac death risk factors, which may allow for more direct 
targeting of preventive strategies.    
Numerous studies have pointed to the role of socioeconomic indicators in the incidence 
of sudden cardiac death.  Mortality rates for sudden cardiac death, as for other 
cardiovascular events, show consistent and robust socioeconomic gradients, with higher 
death rates observed among those with higher levels of social deprivation9, but the extent 
to which attributes of socioeconomic status (SES) influence the risk of sudden cardiac 
death in comparison with other, nonfatal, coronary outcomes has not been examined 
extensively. 
The goal of this study is to determine if SES measures are preferentially associated with 
the risk of sudden cardiac death as compared to the risk of nonfatal myocardial infarction. 
To explore this hypothesis we will use data from two population-based studies: the 
Atherosclerosis Risk in Communities (ARIC) study and a Finnish population-based 
cardiovascular risk factor monitoring study, the National FINRISK study10. Finland, a 
country with a government-subsidized health care system, has experienced a  remarkably 
steep  decline in mortality and incidence of cardiovascular disease11, attributed to 
effective primary and secondary prevention12.  A social class gradient of cardiovascular 
mortality however, persists in Finland and a significant increase in mortality by 
occupational class has recently been observed13. A systematic comparison of the 
association of socioeconomic indicators with the risk of sudden cardiac death in these 
two different countries can provide a greater understanding of the role that social context 
plays in the incidence of sudden cardiac death 
 
 

 
5. Main Hypothesis/Study Questions: 
 

1.  Among participants of the ARIC cohort, compare and contrast association of 
individual measures of socioeconomic status (SES) with the risk of sudden cardiac death 
to the association of those measures with the risk of nonfatal myocardial infarction. 
 
1 a.  Determine the association of individual measures of SES with the risk of sudden 
cardiac death 
1 b. Determine the association of individual measures of SES with the risk of nonfatal 
myocardial infarction 
1c. Compare the incidence rates and hazard ratios of the association of individual SES 
indicators with sudden cardiac death and nonfatal myocardial infarction.  Evaluate the 



potential effect modification of these associations by known cardiovascular disease risk 
factors.  
 
2.  Using data from the ARIC cohort determine if neighborhood measures of 
socioeconomic status modify the association of individual measures of socioeconomic 
status with the risk of sudden cardiac death. 
 
3.  Compare the socioeconomic gradient associated with the risk of sudden cardiac death 
and nonfatal myocardial infarction observed in the ARIC cohort to that observed in the 
National FINRISK study.  
 
 

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 populations: This research is to be conducted as a comparative analysis of the risk 
of sudden cardiac death in the United States and Finland.  The Atherosclerosis Risk in 
Communities (ARIC) study will constitute the basis for the United States component of 
this project.  The National FINRISK study will be the basis of the Finnish component. 
All analyses will involve follow-up from 1987 through 2001.  
The National FINRISK study is a series of population based surveys conducted every 
five years since 1972 among a stratified random sample of men and women aged 25-64 
years, from four regions of Finland (North Karelia, Kuopio, Turku/Loimaa and 
Helsinki)14. At the time of the survey, all study participants are asked to complete a 
health behavior questionnaire and undergo a personal health examination.  Analysis 
based on the FINRISK data will include information concerning the participants of 
surveys conducted in the years 1987, 1992 and the 1997.  Participants of those surveys 
will have been followed-up for cardiovascular mortality and morbidity  for up to 14 
years.  Cardiovascular diagnoses in the Finnish Causes-of-Death Register and in the 
Hospital Discharge Register have recently been validated15.  Due to these registers, 
completeness of follow-up is 100 percent for deaths and hospitalizations that occur in 
Finland.  
For the purposes of this study we will use data concerning only the 45-64 year age group 
to assure comparability of results between the FINRISK and ARIC studies. 
 
 
Exposure measurement:  
 
Individual level socioeconomic indicators: education and median household income will 
be used to measure the level of individual SES. Education will be defined as a 
dichotomous variable with the exposure category corresponding to high school or less 
years of education in the ARIC cohort and less than 9 years of education in the FINRISK 
study.  Median household income will be defined as a categorical variable.  In the ARIC 
study four race-specific income categories will determined on the basis of race-specific 



income distributions16. In the FINRISK study, taxable income data are obtained from 
Statistics Finland and linked with mortality data using unique personal identifiers.  
Personal income is classified as low, middle and high, according to predetermined limits, 
which have been adjusted during duration of the study to account for inflation17.  
Neighborhood level  socioeconomic indicators: Socioeconomic status of a neighborhood 
will be measured  only in the ARIC study.  This measurement will be based on the 
following neighborhood characteristics determined at a Census block level: median 
household income, median value of housing units, percentage of households receiving 
interest, dividend, or net rental income, percentage of adults 25 years or older who had 
completed high school, and percentage of persons 16 years or older who are employed in 
executive, managerial or professional specialty occupation.  Addresses of ARIC study 
participants, collected at the time of baseline examination, are linked to the above 
indicators thus allowing for attribution of characteristics of the neighborhood of residence 
to each study participant.  Additionally, a summary score of neighborhood 
socioeconomic status will be constructed, as per Diez-Roux et al.16, as a summary score 
based on z scores determined separately for the component neighborhood SES measures.  
The z scores, reflecting deviation from the mean, will be estimated by subtracting from 
the value of the variable for a given census block, the overall mean and dividing that by 
the standard deviation for the entire population.  
  
Outcome ascertainment:   
 
Sudden cardiac death: In the ARIC study sudden cardiac death will be defined as death 
adjudicated by a physician panel to be a sudden, pulseless condition without a known 
non-cardiac cause, or death determined by death certificate codes indicating death due to 
underlying heart disease that occurred outside the hospital or in the emergency 
department18, 19.  In the FINRISK study sudden cardiac death is defined as cardiac death 
that occurred out-of-hospital or in the emergency room or within 1 hour from the onset of 
symptoms20.  All out-of-hospital deaths in the FINRISK study are ascertained on the 
basis of review of death certificates for each of the four geographical areas of the study.  
ICD-9 codes reflecting cardiac origin of the death are determined for each recorded out-
of-hospital death.  Information obtained from death certificates is cross-checked with the 
National Causes of Death Register.   
 
Non-fatal MI.  In both the FINRISK and ARIC study diagnosis of nonfatal myocardial 
infarction is based on hospital admission records specifying an incident definite or 
probable non-fatal myocardial infarction which did not result in a fatal outcome within 28 
days. 
 
Covariates: Demographic covariates, age, gender, study center, and in the case of the 
ARIC study, race/center, will be examined for inclusion into regression models used in 
the analyses.   Biological (hypertension, diabetes, markers of inflammation) and 
behavioral (physical activity, alcohol intake, weight, smoking), with perhaps the 
exception of diabetes, would appear to be on the pathway of the association of SES with 
cardiovascular outcomes. They will therefore, not be included as confounders.   
 



Statistical analysis:  Cox proportional hazards regression and Poisson regression models 
will be used in analysis of the association of individual SES indexes with sudden cardiac 
death and with non-fatal myocardial infarction.  To account for intra-class correlation, 
multilevel regression models, such as hierarchical linear models, will be explored as tools 
in the analysis of the effect of neighborhood measures of SES on the associations found 
for the individual SES measures (ARIC study only).  
Comparison of the ARIC and FINRISK studies will be performed through analysis of z-
scores based on estimates of the beta parameters and associated standard errors obtained 
from both studies. 
 
Power analysis 
An analysis of the power of both the ARIC and the FINRISK studies indicates that the 
size of both studies is adequate for observation, with 95 percent confidence and 90 
percent power, of relative risk ratios ranging from 1.3 to 2.1, estimates comparable to 
those reported by existing studies. The range of estimates of relative risk of sudden 
cardiac death associated with low education was reported to be from 1.33 (95 percent CI 
1.18, 1.51) to 2.2 (p<0.001)17, 21-23.  The range of estimates of relative risk of sudden 
cardiac death associated with low median household income was reported to be from 1.3 
(95 percent CI: 1.1, 1.7) to 2.11 (95 percent CI:1.82, 2.46)17, 22.  
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