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Abstract

Background—Evidence concerning the association of anger-proneness with incidence of heart 

failure is lacking.

Methods—Anger proneness was ascertained among 13,171 black and white participants of the 

Atherosclerosis Risk in Communities (ARIC) Study cohort using the Spielberger Trait Anger 

Scale. Incident heart failure events, defined as occurrence of ICD-9-CM code 428.x, were 

ascertained from participants’ medical records during follow-up 1990–2010. Relative hazard of 

heart failure across categories of trait anger was estimated from Cox proportional hazard models.

Results—Study participants (mean age 56.9 (SD 5.7) years) experienced 1,985 incident HF 

events during 18.5 (SD 4.9) years of follow-up. Incidence of HF was greater among those with 

high, as compared to those with low or moderate trait anger, with higher incidence observed for 

men as compared to women. The relative hazard of incident HF was modestly high among those 

with high trait anger, as compared to those with low or moderate trait anger (age-adjusted HR for 

men=1.44 (95% CI 1.23, 1.69). Adjustment for comorbidities and depressive symptoms attenuated 

the estimated age-adjusted relative hazard in men to 1.26 (95% CI 1.00, 1.60).

Conclusion—Assessment of anger proneness may be necessary in successful prevention and 

clinical management of heart failure, especially in men.
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BACKGROUND

Extensive evidence from existing studies underscores the role of emotional factors in the 

development of cardiovascular disease. The focus of the present study is trait anger, defined 

as sustained low threshold reactivity in which angry feelings, which can vary from mild 

irritation to extreme rage, are experienced in response to broadly defined triggers1–3. Trait 

anger as a construct shows considerable overlap with a hostile disposition4 and may include 

anger-related affect, behavior, and cognition5.

Multiple mechanisms have been proposed to explain the biological and behavioral aspects of 

the association of trait anger with cardiovascular disease. An anger-prone personality may 

lower a person’s self-esteem and limit his or her ability to engage in constructive activities 

aimed at health improvement6. On the biological level, sustained anger can lead to 

chronically increased catecholamine levels 7, which in turn can trigger an inflammatory 

response, leading to the progression of atherosclerosis and eventually to clinically 

manifested heart disease 8.

Anger proneness confers significant risk for coronary heart disease (CHD)9–14 and stroke15 

with effects that can be observed at the subclinical level16–18. Relatively little is known 

about the association of anger with the risk of heart failure19 and with utilization of 

healthcare resources among those with heart failure20. Repeat hospitalizations are frequent 

among those with heart failure, and contribute significantly to costs of care21. With 

increasing prevalence of heart failure, more research is needed to identify modifiable 

factors, other than disease severity and presence of comorbidities, which may contribute to 

preventable hospital readmissions. In this study, we examined the association of anger-

proneness with the incidence of heart failure and with subsequent healthcare utilization 

among 13,171 participants of the Atherosclerosis Risk in Communities (ARIC) Study 

cohort.

METHODS

Study population

The ARIC study cohort was established in 1987 as a probability sample of 15,792 men and 

women, aged 45 to 64 years, from the following four communities in the United States: 

suburbs of Minneapolis, Minnesota; Forsyth County, North Carolina; Washington County, 

Maryland; and Jackson, Mississippi. Extensive physical examinations were performed at 

baseline and at four subsequent clinic visits. Ongoing follow-up of the ARIC cohort is 

conducted through annual telephone interviews and surveillance of mortality and 

cardiovascular morbidity.

Participants of the ARIC cohort were selected for the present study if they completed the 

second physical examination (1990–1992) (n=14,348). Due to numbers that are too small to 

allow for adequate adjustment, excluded from analyses were study participants whose race 

was other than black or white (n=42) and black study participants from the Minnesota and 

Washington (n=49) ARIC study centers. Excluded from analyses were also study 

participants with prevalent HF at the second ARIC examination. Prevalent events were 
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ascertained from information obtained at the study baseline examination (1987–1989) and 

classified using Gothenburg HF classification criteria (n=753) and in follow-up of heart 

failure hospitalizations from the baseline examination to the second ARIC examination 

(n=86). Further excluded from analyses were study participants with missing outcome, 

exposure and key covariate information. The final study sample size was 13,171.

Event ascertainment

Incidence of hospitalized heart failure (HF) events was ascertained in follow-up from the 

date of the second ARIC examination (1990–1992) through December 31, 2010 on the basis 

of evidence of ICD-9-CM code 428.x in any position in the study participants’ medical 

records. A HF hospitalization was defined as incident if no prevalent HF was recorded at the 

time of the baseline visit (ARIC Visit 2) and no HF-related hospitalizations (hospitalizations 

with ICD-9 code 428.x in any position) were observed in surveillance of all hospitalized 

events that the ARIC study conducts for all cohort participants. Prevalence of HF at the 

baseline visit was defined as (1) self-report of use of HF-related medications; (2) presence of 

HF classified according to Gothenburg criteria or missing information needed to define 

Gothenburg stage22; or (3) having had a hospitalization with ICD-9 428.x prior to the 

baseline (ARIC Visit 2) clinical examination. Death events were identified from linked 

National Death Index records and information provided by physicians and next of kin. All-

cause hospital readmissions for study participants with incident HF events were identified 

from their hospital discharge records available through December 31, 2010.

Measurement of anger proneness

Information on anger proneness was obtained on the basis of the Speilberger Trait Anger 

Scale which was administered during an interview conducted as part of the second ARIC 

examination (1990–1992). This questionnaire, which consists of 10 items with responses 

graded on a Likert-type scale (range 10–40), shows high internal consistency ( Cronbach’s 

α=0.86)23. Factor analyses suggest that the scale consists of two components which assess 

anger temperament and anger reaction, with the final score representing the sum of 

responses for the these two subscales. In accordance with previous assessments of anger 

proneness with cardiovascular outcomes that has been conducted in the ARIC 

study11, 12, 15, 17, 18, anger proneness was categorized as: (1) low anger (score: 10–14); (2) 

moderate anger (score: 15–21); and (3) high anger (score: 22–40).

Measurement of covariates

Physical examination of the cohort members and assessment of their risk factors, other than 

demographic, were conducted during the second ARIC examination. Gender and race were 

self-reported at the time of the first ARIC examination. Highest attained level of education 

was defined on the basis of a personal report at baseline of the highest grade completed in 

school and categorized as low (11th grade or less) or high (12th grade and above). At the 

first examination, ARIC study participants were asked to classify their total family income 

into one of the following eight categories: <$5000; $5000–$7999; $8000– $11 999; $12 

000–$15 999; $16 000–24 999; $25 000–34 999; $35 000–$49 000; ≥$50 000. We collapsed 

these categories into three groups labeled as low (less than $15 999), medium ($16 000 to 

$34 999) and high (equal to or greater than $35 000). At the second ARIC examination 
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(considered baseline for the purposes of this study), members of the ARIC cohort had blood 

drawn from an antecubital vein into tubes containing EDTA (lipids), or a separating gel 

(glucose). Presence of a diagnosis of diabetes at the time of the clinical examination was 

based on any of the following: self-report of a physician’s diagnosis of diabetes, self-report 

of use of hypoglycemic medication within two weeks of the ARIC examination, fasting (> 8 

hours) blood glucose levels greater than 126 mg/dL, or non-fasting blood glucose levels 

greater than 200 mg/dL. Body mass index was calculated as the ratio of weight in kilograms 

to the square of height in meters. Sitting blood pressure was measured three times using a 

random zero sphygmomanometer. Blood pressure calculations were made as an average of 

the second and third measurement. Hypertension was defined as present based on self-

reported use of antihypertensive medication within two weeks of baseline data collection or 

if systolic blood pressure measured at baseline was greater than or equal to 140 mm Hg, or 

diastolic blood pressure was greater than or equal to 90 mm Hg. Prevalence of coronary 

heart disease (CHD) at ARIC Visit 2 (baseline for the present study) was ascertained on the 

basis of a self-reported history of CHD and evidence of an adjudicated CHD hospitalization 

from ARIC Study baseline to Visit 2.

Plasma HDL-cholesterol levels were measured using the method of Warnick et al24. Total 

plasma cholesterol levels were determined enzymatically25 using a Cobas-Bio analyzer with 

reagents purchased from Boehringer Mannheim Biochemicals. Plasma LDL–cholesterol 

levels were calculated using the method of Friedewald26. Self-reported vital exhaustion was 

assessed using a 21-item Maastricht Vital Exhaustion questionnaire developed by Appels et 

al.27. The continuous vital exhaustion scale (range: 0–42) was created on the basis of 

questions concerning participants’ state of fatigue, lack of energy, feelings of hopelessness, 

loss of libido, and increased irritability. The Maastricht Vital Exhaustion questionnaire is 

highly correlated with validated depression scales (r=0.61–0.85)28, 29, including the Beck 

Depression Inventory (r=0.62)30. To account for the non-normal distribution of the vital 

exhaustion scale in the ARIC Study population, we categorized responses to this 

questionnaire into quartiles based on the distribution and used the highest quartile, relative 

to quartiles 1–3, as the exposure category31.

Statistical analyses

Cox proportional hazard regression of the association of trait anger and incidence of HF was 

performed with evaluation of the following covariates for inclusion into the model: age, 

race/center, body mass index, gender, cigarette years of smoking, cigarette smoking status, 

diabetes status, hypertension status, and depression. Inclusion of variables into the model 

was based on the 10% change-in-estimate criterion32. The Jackson, MS component of the 

ARIC cohort is exclusively African American. The only other ARIC field center with a 

sizeable proportion of African Americans is Forsyth County, NC (27%). A categorical race/

center variable encompassing 5 categories of race and ARIC field center was created to 

account for these demographic distributions.

We used partial likelihood ratio tests based on nested models that included multiplicative 

interaction terms to examine whether the risk of HF in association with trait anger differed 

by race, gender, and other selected covariates. All continuous variables were evaluated for 
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linearity of association with the main outcome using regression analyses with log hazard 

ratios plotted as a function of the exposure categorized into quintiles of distribution. Cox 

proportional hazard assumptions were examined for all variables individually and for the 

final model using the Cox test, the ln-ln plots, and plots of scaled Schoenfeld residuals. All 

time-to-event analyses were performed with consideration of competing risk of death 

performed according to the method of Allison33. Age-adjusted multinomial regression 

models were used to evaluate the relative risk of heart failure in addition to the relative risk 

of coronary heart disease, stroke among ARIC cohort participants. All analyses were 

conducted using STATA 12.0 (College Station, TX) and SAS 9.3 (SAS Institute, Cary, NC).

RESULTS

Study participants in the three categories of trait anger (low, moderate, and high) did not 

differ significantly by hypertension status, diastolic blood pressure levels and by cholesterol 

measures (Table 1). Small, although statistically significant differences were observed 

across trait anger categories with respect to gender, race, education level, hypertension and 

diabetes. Proportion of men and of those with less than high school education was highest 

among those with high trait anger as compared to those with moderate and low trait anger. 

Proportion of blacks was lowest among those with moderate anger. Proportion of study 

participants with diabetes was likewise the lowest among those with moderate trait anger. 

Systolic blood pressure levels were lowest among those with moderate trait anger, whereas 

participants’ mean BMI levels increased across trait anger categories.

For purposes of this study, the second ARIC examination was considered as the baseline. 

There were 1,985 incident heart failure events identified in this cohort during mean 18.5 (SD 

4.9) years of follow-up from baseline through December 31, 2010. Cumulative hazard of HF 

was greater in those with high trait anger as compared to those with moderate or low trait 

anger (Figure 1). This observation was independent of whether analyses were performed 

with or without consideration of the competing risk of death (presented data reflect analyses 

performed with consideration of competing risk of death).

Age-adjusted incidence of HF increased in the highest category of trait anger from 9.8 (95% 

CI 9.2, 10.4) per 1,000 person-years among those with low trait anger and 9.5 (95% CI 8.9, 

10.2) per 1,000 person-years among those with moderate trait anger, to 13.3 (95% CI 11.4, 

15.2) per 1,000 person-years among those with high trait anger (Figure 2). HF incidence 

rates were very similar in the low and moderate trait anger categories across levels of 

covariates of interest. Incidence of HF increased for those with high trait anger as compared 

to those with low or moderate trait anger in all gender and race categories, with the 

exception of black women. The highest rate of HF was observed among black men with 

high trait anger.

The relative hazard of incident HF was modestly high among those with high trait anger, as 

compared to those with low or moderate trait anger (age-adjusted HR=1.44 (95% CI 1.23, 

1.69) (Table 2). We observed effect measure modification of this association by gender and 

accordingly stratified all analyses by gender. In analyses adjusted for race, education and 

income, the greatest hazard ratio of incident HF was observed among men (HR=1.52 (95% 
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CI 1.23, 1.88)). Additional adjustment for baseline diagnosis of diabetes, hypertension, and 

prevalent CHD attenuated the observed hazard ratio in men to 1.37 (95% CI 1.11, 1.70). 

Adjustment for vital exhaustion further attenuated the overall hazard ratio to 1.16 (95% CI 

0.98, 1.39) and in men to 1.26 (95% CI 1.00, 1.60).

We constructed age-adjusted multinomial models to simultaneously evaluate the relative 

risk of HF, coronary heart disease and stroke in relation to levels of anger proneness (data 

not shown). Results of this analysis suggest that while high, as compared to low, anger 

proneness was associated with greatest risk of stroke (73% excess risk), high anger 

proneness conferred a comparable increase in the risk of coronary heart disease (60% excess 

risk) and heart failure (43 % excess risk). The differences in the relative risk estimates for 

these three different clinical manifestations of cardiovascular disease were not significant.

During follow-up from the time of incident HF hospitalization (mean follow-up time: 4.3 

years (SD 4.0)) 1,596 ARIC cohort participants (80.4%) experienced a re-hospitalization 

event (all-cause). The proportion of participants with at least one hospital readmission 

increased from 79.9% among those with low trait anger to 82.0% among those with high 

trait anger (Table 3). The average number of hospital readmissions during the follow-up 

period was 4 (interquartile range (IQR): 2, 7). Number of readmissions did not vary across 

categories of trait anger. Proportion of those with a first readmission occurring within 30 

days of index HF hospitalization was 31.2% overall. This proportion increased across trait 

anger categories from 30.1% among those with low trait anger to 33% among those with 

high trait anger. The median time to first readmission was 133.5 days (IQR: 30,530), with 

138 (IQR: 33, 535) observed for those with low trait anger and 124 (IQR: 28, 510) observed 

for those with high trait anger. No differences were observed across categories of trait anger 

in age-adjusted length of stay (results not shown). In multivariable analyses, with adjustment 

for age, race, gender, diabetes, and education (Table 4), the relative risk of all-cause 

readmission was marginally increased among those with high anger as compared to those 

with low and moderate anger (HR= 1.19 (95% CI 1.00, 1.22)). Similar estimates for the 

associations of trait anger with the risk of readmission were obtained from analyses limited 

to HF-related re-hospitalizations (ICD-9 code 428.x in any position, as well as ICD-9 code 

428.x in the first position on the medical record; data not shown). All analyses were adjusted 

for competing risk of death.

DISCUSSION

Despite efforts to reduce the prevalence of cardiovascular disease risk factors, incidence of 

heart failure remains high34 and healthcare utilization among those with heart failure 

constitutes the single largest healthcare expenditure among those 65 years of age and 

older35. In an attempt to look beyond the obvious in identifying factors that may reduce 

heart failure incidence and improve outcomes for those with heart failure, we examined the 

effect of anger proneness on heart failure incidence and on hospital readmissions following 

incident HF diagnosis.

Anger management styles can be broadly categorized as (1) trait anger characterized by a 

sustained inclination towards an angry response; (2) anger-out manifested by a direct 
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expression of anger at others; and (3) anger-in, a suppression of angry emotions3. The focus 

of this study was trait anger. We observed a modest positive association of high trait anger 

with the incidence of heart failure. The observed risk was independent of the level of 

attained education, income and comorbidity status. We observed gender and race differences 

in the association of trait anger with the incidence of heart failure hospitalization, with a 

persistent association noted among black men. No increased risk of the incidence of heart 

failure was observed among women with high, as compared to low, trait anger. This 

observation is consistent with the results of the few existing studies which have examined 

gender-specific effects of anger on the risk of cardiovascular disease10, 17, 36, 37. Results of 

those studies suggest a stronger harmful effect of anger on coronary heart disease events 

among men, as compared to women, perhaps reflecting the predominance of outward 

expression of anger among men (anger-out) and the extent to which this anger coping style 

may be associated with greater risk of cardiovascular disease. To our knowledge the present 

study is the first to examine gender differences in the association of anger with the risk of 

heart failure.

Previous studies have demonstrated an association of depressive states with heart failure 

hospitalization38. We found that although presence of depressive symptoms, approximated 

on the basis of responses to the Maastricht Vital Exhaustion questionnaire, attenuated the 

association of trait anger with heart failure incidence, it explained only a portion of the 

variance. Contrary to the expectation that depression, a dominant factor in patients’ coping 

with cardiovascular disease37, would be significant in the association of anger with 

healthcare utilization among those with heart failure, we found no effect of the presence of 

depressive symptoms on the association of trait anger with the risk of all-cause hospital 

readmission. However, it is possible that the observed overall effect of anger on the risk of 

hospital readmission was too small for a meaningful assessment of potential covariates. 

Further, fatigue, feelings of demoralization, and irritability which were measured by the vital 

exhaustion questionnaire may not have provided a full ascertainment of study participants’ 

depressive status.

Our findings of the association of trait anger with heart failure are consistent with previous 

research indicating a positive association of anger with clinical CVD risk factors39, 40 and 

with clinical CVD outcomes other than heart failure10. Mechanisms involved in this 

association are complex and the present study was not designed to elucidate those. 

Nevertheless, our results are consistent with research such as that of Ironson et al.41 which 

points to an association of psychological stressors, including that of anger, with low left 

ventricular ejection fraction. This research makes plausible the theory that autonomic 

dysfunction observed as part of the anger response42 affects downstream arterial remodeling 

and subsequent myocardial ischemia which can in turn lead to cardiac insufficiency and 

heart failure.

Our results suggest that the risk of heart failure among those with high, as compared to low, 

anger proneness is similar to their risk of stroke or coronary heart disease and emphasizes 

the need for the evaluation of psychosocial risk factors in overall primary and secondary 

prevention of cardiovascular disease.
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The present study suggests that the effect of trait anger extends beyond the initial 

hospitalization for heart failure. We observed a 19% greater risk of all-cause hospital 

readmission following incident HF hospitalization among those with high trait anger as 

compared to those with low trait anger. This increased risk was independent of the metabolic 

and sociodemographic cardiovascular disease risk factors. To our knowledge, only one other 

study examined the association of anger with the use of healthcare services among heart 

failure patients20. In that small prospective clinical study of heart failure patients, the 

authors concluded that high trait anger was predictive of increased length of stay during 

hospital readmissions. Results of our study, however, do not support that observation – we 

did not observe differences across categories of trait anger in length of stay during the first 

hospital readmission. Healthcare organizations are under increasing pressure to decrease the 

number of hospital readmissions and associated length of stay in an effort to reduce costs 

and improve clinical outcomes. Readmission rates following a HF hospitalization discharge 

approach 24% and have remained stable21, 43, despite multiple hospital and practice-based 

efforts to improve quality of care for patients with HF. A multifaceted approach to the 

identification of factors associated with hospital readmission among those with HF is 

therefore necessary for implementation of targeted prevention. We chose to examine all-

cause re-hospitalization among those with HF as recurrent HF and cardiovascular disease 

hospitalizations account for only approximately half of all hospital readmissions among 

those with HF, with comorbid conditions accounting for the remaining large proportion of 

re-hospitalizations44, 45.

Several strengths and limitations of this study should be noted. This is the largest biracial 

study to date to examine the association of anger with the incidence of HF. Research 

concerning the effect of anger on HF incidence and outcomes is rare. The majority of 

existing studies were conducted using small patient populations. The prospective nature of 

the ARIC study has allowed for an extended follow-up period from the measurement of 

anger proneness. We ascertained anger proneness using a questionnaire known to have a 

high internal consistency (0.86) and high test-retest reliability (0.77)46 and which has been 

validated in multiple other populations. Evaluation of risk factors at study baseline, 

performed using established protocols, was thorough and allowed for detailed assessment of 

comorbidity status of study participants. An important limitation of this study was that 

ascertainment of HF events was limited to HF-related hospitalizations. Although a 

significant proportion of HF events is diagnosed and treated in the outpatient setting, 

comprehensive assessment of HF events occurring in the outpatient setting is beyond the 

scope of current ARIC study protocols. We were not able to ascertain medication use at the 

time of the HF hospitalization, therefore we could not provide potentially explanatory 

information on the role of hypertension in the association of trait anger with the risk of HF, 

beyond that available from baseline data. The potential social response desirability bias of 

the self-report of anger proneness could have resulted in an underestimation of trait anger.

In conclusion, we observed a modest association of trait anger with heart failure incidence, 

and with the risk of subsequent re-hospitalization. Results of this study suggest that 

inclusion of anger management may be necessary in successful prevention and clinical 

management of heart failure. This intervention may be more significant for men as 

compared to women.

Kucharska-Newton et al. Page 8

J Card Fail. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Acknowledgments

The Atherosclerosis Risk in Communities Study is carried out as a collaborative study supported by National Heart, 
Lung, and Blood Institute contracts (HHSN268201100005C, HHSN268201100006C, HHSN268201100007C, 
HHSN268201100008C, HHSN268201100009C, HHSN268201100010C, HHSN268201100011C, and 
HHSN268201100012C).

The authors thank the staff and participants of the ARIC study for their important contributions.

REFERENCES

1. Kassinove H, Sukhodolsky DG. Anger disorders: Basic science and practice issues. Issues in 
comprehensive pediatric nursing. 1995; 18:173–205. [PubMed: 8707651] 

2. Forgays DG, Forgays DK, Spielberger CD. Factor structure of the state-trait anger expression 
inventory. Journal of personality assessment. 1997; 69:497–507. [PubMed: 9501480] 

3. Spielberger CD, Reheiser EC, Sydeman SJ. Measuring the experience, expression, and control of 
anger. Issues in comprehensive pediatric nursing. 1995; 18:207–232. [PubMed: 8707652] 

4. Smith TW, Glazer K, Ruiz JM, Gallo LC. Hostility, anger, aggressiveness, and coronary heart 
disease: An interpersonal perspective on personality, emotion, and health. Journal of personality. 
2004; 72:1217–1270. [PubMed: 15509282] 

5. Martin R, Watson D, Wan CK. A three-factor model of trait anger: Dimensions of affect, behavior, 
and cognition. Journal of personality. 2000; 68:869–897. [PubMed: 11001152] 

6. Doering LV, Dracup K, Caldwell MA, Moser DK, Erickson VS, Fonarow G, Hamilton M. Is coping 
style linked to emotional states in heart failure patients? J Card Fail. 2004; 10:344–349. [PubMed: 
15309703] 

7. al'Absi M, Bongard S. Neuroendocrine and behavioral mechanisms mediating the relationship 
between anger expression and cardiovascular risk: Assessment considerations and improvements. 
Journal of behavioral medicine. 2006; 29:573–591. [PubMed: 17096059] 

8. Markovitz JH. Hostility is associated with increased platelet activation in coronary heart disease. 
Psychosomatic medicine. 1998; 60:586–591. [PubMed: 9773762] 

9. Kawachi I, Sparrow D, Spiro A 3rd, Vokonas P, Weiss ST. A prospective study of anger and 
coronary heart disease. The normative aging study. Circulation. 1996; 94:2090–2095. [PubMed: 
8901656] 

10. Chida Y, Steptoe A. The association of anger and hostility with future coronary heart disease: A 
meta-analytic review of prospective evidence. J Am Coll Cardiol. 2009; 53:936–946. [PubMed: 
19281923] 

11. Williams JE, Paton CC, Siegler IC, Eigenbrodt ML, Nieto FJ, Tyroler HA. Anger proneness 
predicts coronary heart disease risk: Prospective analysis from the atherosclerosis risk in 
communities (aric) study. Circulation. 2000; 101:2034–2039. [PubMed: 10790343] 

12. Williams JE, Nieto FJ, Sanford CP, Tyroler HA. Effects of an angry temperament on coronary 
heart disease risk : The atherosclerosis risk in communities study. American journal of 
epidemiology. 2001; 154:230–235. [PubMed: 11479187] 

13. Krantz DS, Olson MB, Francis JL, Phankao C, Bairey Merz CN, Sopko G, Vido DA, Shaw LJ, 
Sheps DS, Pepine CJ, Matthews KA. Anger, hostility, and cardiac symptoms in women with 
suspected coronary artery disease: The women's ischemia syndrome evaluation (wise) study. 
Journal of women's health. 2006; 15:1214–1223.

14. Chang PP, Ford DE, Meoni LA, Wang NY, Klag MJ. Anger in young men and subsequent 
premature cardiovascular disease: The precursors study. Archives of internal medicine. 2002; 
162:901–906. [PubMed: 11966341] 

15. Williams JE, Nieto FJ, Sanford CP, Couper DJ, Tyroler HA. The association between trait anger 
and incident stroke risk: The atherosclerosis risk in communities (aric) study. Stroke; a journal of 
cerebral circulation. 2002; 33:13–19.

16. Merjonen P, Pulkki-Raback L, Puttonen S, Keskivaara P, Juonala M, Telama R, Viikari J, 
Raitakari OT, Keltikangas-Jarvinen L. Anger is associated with subclinical atherosclerosis in low 

Kucharska-Newton et al. Page 9

J Card Fail. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



ses but not in higher ses men and women. The cardiovascular risk in young finns study. Journal of 
behavioral medicine. 2008; 31:35–44. [PubMed: 17940862] 

17. Williams JE, Couper DJ, Din-Dzietham R, Nieto FJ, Folsom AR. Race-gender differences in the 
association of trait anger with subclinical carotid artery atherosclerosis: The atherosclerosis risk in 
communities study. American journal of epidemiology. 2007; 165:1296–1304. [PubMed: 
17363362] 

18. Williams JE, Din-Dzietham R, Szklo M. Trait anger and arterial stiffness: Results from the 
atherosclerosis risk in communities (aric) study. Preventive cardiology. 2006; 9:14–20. [PubMed: 
16407698] 

19. Pelle AJ, Gidron YY, Szabo BM, Denollet J. Psychological predictors of prognosis in chronic heart 
failure. Journal of cardiac failure. 2008; 14:341–350. [PubMed: 18474348] 

20. Jenner RC, Strodl ES, Schweitzer RD. Anger and depression predict hospital use among chronic 
heart failure patients. Australian health review : a publication of the Australian Hospital 
Association. 2009; 33:541–548. [PubMed: 20166902] 

21. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the medicare fee-for-
service program. N Engl J Med. 2009; 360:1418–1428. [PubMed: 19339721] 

22. Loehr LR, Rosamond WD, Chang PP, Folsom AR, Chambless LE. Heart failure incidence and 
survival (from the atherosclerosis risk in communities study). The American journal of cardiology. 
2008; 101:1016–1022. [PubMed: 18359324] 

23. Spielberger, CD. Manual for the state-trait anger expression inventory (staxi). Odessa, FL: 
Psychological Assessment Resources; 1988. 

24. Warnick GR, Mayfield C, Benderson J, Chen JS, Albers JJ. Hdl cholesterol quantitation by 
phosphotungstate-mg2+ and by dextran sulfate-mn2+-polyethylene glycol precipitation, both with 
enzymic cholesterol assay compared with the lipid research method. Am J Clin Pathol. 1982; 
78:718–723. [PubMed: 6182791] 

25. Siedel J, Hagele EO, Ziegenhorn J, Wahlefeld AW. Reagent for the enzymatic determination of 
serum total cholesterol with improved lipolytic efficiency. Clinical chemistry. 1983; 29:1075–
1080. [PubMed: 6851096] 

26. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical 
chemistry. 1972; 18:499–502. [PubMed: 4337382] 

27. Appels A, Hoppener P, Mulder P. A questionnaire to assess premonitory symptoms of myocardial 
infarction. International journal of cardiology. 1987; 17:15–24. [PubMed: 3666994] 

28. McGowan L, Dickens C, Percival C, Douglas J, Tomenson B, Creed F. The relationship between 
vital exhaustion, depression and comorbid illnesses in patients following first myocardial 
infarction. Journal of psychosomatic research. 2004; 57:183–188. [PubMed: 15465074] 

29. Wojciechowski FL, Strik JJMH, Falger P, Lousberg R, Honig A. The relationship between 
depressive and vital exhaustion symptomatology post-myocardial infarction. Acta Psychiatrica 
Scandinavica. 2000; 102:359–365. [PubMed: 11098808] 

30. Kopp MS, Falger PR, Appels A, Szedmak S. Depressive symptomatology and vital exhaustion are 
differentially related to behavioral risk factors for coronary artery disease. Psychosomatic 
medicine. 1998; 60:752–758. [PubMed: 9847036] 

31. Williams JE, Mosley TH Jr, Kop WJ, Couper DJ, Welch VL, Rosamond WD. Vital exhaustion as a 
risk factor for adverse cardiac events (from the atherosclerosis risk in communities [aric] study). 
The American journal of cardiology. 2010; 105:1661–1665. [PubMed: 20538111] 

32. Mickey RM, Greenland S. The impact of confounder selection criteria on effect estimation. 
American journal of epidemiology. 1989; 129:125–137. [PubMed: 2910056] 

33. Allison, P. Survival analysis using sas, a practical guide. Cary, NC: SAS Institute; 1995. 

34. Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J, Yawn BP, Jacobsen SJ. 
Trends in heart failure incidence and survival in a community-based population. JAMA. 2004; 
292:344–350. [PubMed: 15265849] 

35. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz MD, Finkelstein EA, 
Hong Y, Johnston SC, Khera A, Lloyd-Jones DM, Nelson SA, Nichol G, Orenstein D, Wilson 
PWF, Woo YJ. on behalf of the American Heart Association Advocacy Coordinating Committee 

Kucharska-Newton et al. Page 10

J Card Fail. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



SCCoCR, Intervention CoCCCoE, Prevention CoAT. Forecasting the future of cardiovascular 
disease in the united states: A policy statement from the american heart association. Circulation. 
CIR.0b013e31820a31855f31825. 

36. Doster JA, Purdum MB, Martin LA, Goven AJ, Moorefield R. Gender differences, anger 
expression, and cardiovascular risk. The Journal of nervous and mental disease. 2009; 197:552–
554. [PubMed: 19597365] 

37. Mead H, Andres E, Katch H, Siegel B, Regenstein M. Gender differences in psychosocial issues 
affecting low-income, underserved patients' ability to manage cardiovascular disease. Women's 
health issues : official publication of the Jacobs Institute of Women's Health. 2010; 20:308–315.

38. MacMahon KM, Lip GY. Psychological factors in heart failure: A review of the literature. 
Archives of internal medicine. 2002; 162:509–516. [PubMed: 11871918] 

39. Engebretson TO, Stoney CM. Anger expression and lipid concentrations. Int J Behav Med. 1995; 
2:281–298. [PubMed: 16250769] 

40. Schum JL, Jorgensen RS, Verhaeghen P, Sauro M, Thibodeau R. Trait anger, anger expression, 
and ambulatory blood pressure: A meta-analytic review. Journal of behavioral medicine. 2003; 
26:395–415. [PubMed: 14593850] 

41. Ironson G, Taylor CB, Boltwood M, Bartzokis T, Dennis C, Chesney M, Spitzer S, Segall GM. 
Effects of anger on left ventricular ejection fraction in coronary artery disease. The American 
journal of cardiology. 1992; 70:281–285. [PubMed: 1632389] 

42. Steptoe A, Brydon L. Emotional triggering of cardiac events. Neuroscience and biobehavioral 
reviews. 2009; 33:63–70. [PubMed: 18534677] 

43. Ross JS, Chen J, Lin Z, Bueno H, Curtis JP, Keenan PS, Normand SL, Schreiner G, Spertus JA, 
Vidan MT, Wang Y, Wang Y, Krumholz HM. Recent national trends in readmission rates after 
heart failure hospitalization. Circulation. Heart failure. 2010; 3:97–103. [PubMed: 19903931] 

44. Desai AS, Stevenson LW. Rehospitalization for heart failure: Predict or prevent? Circulation. 
2012; 126:501–506. [PubMed: 22825412] 

45. Setoguchi S, Stevenson LW. Hospitalizations in patients with heart failure: Who and why. Journal 
of the American College of Cardiology. 2009; 54:1703–1705. [PubMed: 19850210] 

46. Spielberger CD, Reheiser EC. Hersen M. Measuring anxiety, anger, depression, and curiosity as 
emotional states and personality traits wiht the stai, staxi, and stpi. Comprehensive book of 
psychological assessment. 2003:70–86.

Kucharska-Newton et al. Page 11

J Card Fail. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1. 
Cumulative hazard of heart failure (HF) according to categories of trait anger. The ARIC 

cohort Study 1990–2010.

Kucharska-Newton et al. Page 12

J Card Fail. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. 
Age adjusted incidence of heart failure (HF) across categories of trait anger. The ARIC 

cohort study 1990–2010.
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Table 1

Baseline characteristics of study participants across categories of trait anger. The ARIC Study cohort.

Characteristic Low
anger

n=4,880

Moderate
anger

n=7,263

High
anger

n=1,028

p

Age, years, mean (SD) 57.4 (5.8) 56.7 (5.7) 56.5 (5.8) <0.01

Gender, % men 43.8 45.1 51.0 <0.01

Race, % Black 27.2 21.5 24.8 <0.01

Education, <HS, % 22.1 18.9 29.9 <0.01

Income

  Low, % 20.6 16.2 22.4

  Medium, % 31.2 31.4 33.9

  High, % 48.3 52.0 43.7 <0.01

Hypertension, % 34.9 33.1 35.5 0.07

Diabetes, % 14.3 13.6 17.5 <0.01

Vital exhaustion, % 42.6 54.2 76.8 <0.01

Prevalent CHD, % 4.3 4.8 8.8 <0.01

Systolic BP, mmHg (SD) 122 (19) 120.7 (18) 121.8 (18.8) 0.03

Diastolic BP, mm Hg (SD) 72.3 (10.3) 72 (10.1) 72.2 (10.5) 0.27

Total cholesterol, mg/dL (SD) 5.42 (1.03) 5.43 (1.00) 5.40 (1.05) 0.81

LDL cholesterol, mg/dL (SD) 3.45 (0.96) 3.45 (0.94) 3.44 (0.95) 0.86

HDL-cholesterol, mg/dL (SD) 1.30 (0.43) 1.28 (0.43) 1.25 (0.44) 0.03

Triglycerides, mg/dL (SD) 1.49 (1.00) 1.53 (0.98) 1.58 (1.05) 0.01

BMI, kg/m2 (SD) 27.7 (5.3) 27.8 (5.3) 28.3 (5.3) <0.01
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Table 2

Association of trait anger with incident heart failure*. The ARIC Study cohort, 1990–2010.

Low anger Moderate anger High anger

n=4,880 n=7,263 n=1,028

Model 1

Total (n=13,171) 1 0.97 (0.88, 1.06) 1.32 (1.13, 1.54)

Women (n=7,234) 1 0.98 (0.86, 1.12) 1.07 (0.83, 1.39)

Men (n=5,937) 1 0.94 (0.82,1.08) 1.46 (1.19, 1.79)

Model 2

Total 1 1.03 (0.94, 1.13) 1.44 (1.23, 1.69)

Women 1 1.06 (0.93, 1.22) 1.21 (0.94, 1.56)

Men 1 0.98 (0.86, 1.13) 1.55 (1.26, 1.90)

Model 3

Total 1 1.06 (0.96, 1.17) 1.37 (1.16, 1.61)

Women 1 1.06 (0.93, 1.232) 1.06 (0.82, 1.33)

Men 1 1.05 (0.91, 1.21) 1.52 (1.23, 1.88)

Model 4

Total 1 1.04 (0.94, 1.14) 1.23 (1.04, 1.45)

Women 1 1.07 (0.93, 1.23) 1.00 (0.76, 1.30)

Men 1 1.00 (0.87, 1.15) 1.37 (1.11, 1.70)

Model 5

Total 1 0.97 (0.86, 1.08) 1.16 (0.98, 1.39)

Women 1 0.96 (0.83, 1.12) 1.02 (0.78, 1.33)

Men 1 0.96 (0.82, 1.14) 1.26 (1.00, 1.60)

*
Estimates adjusted for competing risk of death.

Model 1: unadjusted
Model 2: adjustment for age
Model 3: adjustment for age, race, education, income
Model 4: adjustment for age, race, education, income, diabetes, hypertension, prevalent CHD
Model 5: adjustment for age, race, education, income, diabetes, hypertension, prevalent CHD, vital exhaustion
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Table 3

All- cause re-hospitalization following incident HF according to categories of trait anger. The ARIC Study 

cohort 1999–2010.

Number of
readmissions

(IQR)

Median (IQR) time
to first readmission

(days)

Proportion with at
least one

readmission

Proportion with first
readmission within

30 days

Overall (n=1,985) 4 (2,7) 133.5 (30, 530) 80.4 31.2

Low anger (n=735) 4 (2,7) 138 (33, 535) 79.9 30.1

Moderate anger (n=1,056) 3 (2,7) 128.5 (29, 530) 80.5 31.7

High anger (n=194) 4 (2,7) 124 (28, 510) 82.0 33.0
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Table 4

Multivariable estimates of the association of trait anger with the risk of all-cause re-hospitalization following 

incident HF. The ARIC Study cohort 1990–2010

Low anger Moderate anger High anger

n=735 n=1,056 n=194

Model 1 1 1.12 (1.00, 1.24) 1.17 (0.99, 1.40)

Model 2 1 1.12 (1.01, 1.25) 1.19 (1.00, 1.42)

Model 3 1 1.13 (1.01, 1.25) 1.20 (1.01, 1.43)

Model 4 1 1.14 (1.02, 1.27) 1.19 (1.01, 1.42)

*
Estimates adjusted for competing risk of death.

Model 1: unadjusted
Model 2: adjusted for age
Model 3: adjusted for age race gender
Model 4: adjusted for age race gender diabetes, hypertension, education

J Card Fail. Author manuscript; available in PMC 2015 December 01.


