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3. Timeline: Analyses to begin immediately following approval of manuscript 
proposal. 
 
 
4. Rationale:  
Numerous studies have demonstrated the association of anger with the incidence of 
coronary heart disease and stroke1, 2.  In a prospective analysis of normotensive 
individuals, angry temperament has been found to double the risk of fatal and non-fatal 
coronary heart disease 3.  Anger can affect the risk of cardiovascular disease at behavioral 
and biological levels. From the behavioral perspective, effective management of HF 
involves direct patient participation. Anger prone personality may lower the patient’s 
self-esteem and limit his/her ability to engage in constructive activities aimed at health 
improvement 4.   On the biological level, sustained anger can lead to chronically 
increased catecholamine levels, which in turn can lead to progression of atherosclerosis 
and eventually to heart disease by causing endothelial injury, vascular lipid uptake, 
increased platelet activation and aggregation, and activation of macrophages.  
 
Although the association of anger proneness with increased incidence of coronary heart 
disease and stroke has been documented, relatively little has been published concerning 
the association of anger with the incidence of heart failure.  One prospective one year 
follow-up study of hospitalized HF patients found that anger was positively associated 
with length of stay but not with hospital readmissions 5. 
 
Since most studies of the association of anger with heart failure have been either cross-
sectional or based on a small number of participants and limited follow-up time, there is a 
need for a large prospective study examining the association of the anger prone 
personality with the incidence of heart failure. In this study we aim to build on ARIC 
studies which have examined the association of anger-proneness with the incidence of 
coronary heart disease and stroke to evaluate the association of proneness to anger, 
evaluated at ARIC Visit 2, with incidence of heart failure in follow-up through 2007and 
with the pattern of hospital admissions during the follow-up time.   
 
 
5. Main Hypothesis/Study Questions: 
 

1. Anger-proneness is associated with increased incidence of HF. 
 

2. Anger-proneness is positively associated with increased utilization of health-care 
services. 
 

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). 
 
Exposure variables: Data concerning anger proneness will be collected from ARIC Visit 
2 interview during which the Speilberger Trait Anger Scale6 was used to assess anger 
temperament and anger reaction.  The scale consists of 10 items with responses graded on  
a Likert-type scale: almost never=1, sometimes=2, often=3, almost always=4.  The final 
score will represent the sum of responses for the two subclasses of the Spielberger’s test 
(anger temperament and anger reaction).   
Outcomes variables: Heart failure incidence based on medical records of hospital 
admissions through 2007.   
Utilization of health care services will be evaluated on the basis of the following 
indicators: total number of days hospitalized and  frequency of readmission within one 
year of index hospitalization for which HF was the main diagnosis within one year of 
index hospitalization. Total number of days hospitalized will be assessed from medical 
records using recorded date of admission and date of discharge.  We are interested in 
evaluating all readmissions, not just those limited to heart-failure specific codes.  
Covariates:  age, gender, race, and hypertension will be evaluated as potential effect 
measure modifiers of the association of anger with incidence of heart failure.  
Hypertension has been found to be a significant effect measure modifier of the 
association of anger with the risk of coronary heart disease.  Since hypertension is a 
strong risk factor for heart failure, we hypothesize that it may also modify the association 
of anger with the incidence of heart failure. Hypertension will be defined as systolic 
blood pressure equal to or greater than 140 and diastolic blood pressure equal to or 
greater than 90.  HDL-cholesterol level, diabetes, years of cigarette smoking, and use of 
alcohol will be evaluated as potential confounders of the examined associations.  
Statistical analyses:  We will use Cox proportional hazard regression models to examine 
the association of anger measured at Visit 2 with the incidence of heart failure in follow-
up through 2007.       
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