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Abstract

Objective—Heart failure patients have a high hospitalization rate, and anger and hostility are 

associated with coronary heart disease morbidity and mortality. Using structural equation 

modeling, this prospective study assessed the predictive validity of anger and hostility traits for 

cardiovascular and all-cause re-hospitalizations in patients with heart failure.

Methods—146 heart failure patients were administered the STAXI and Cook-Medley Hostility 

Inventory to measure anger, hostility, and their component traits. Hospitalizations were recorded 

for up to 3 years following baseline. Causes of hospitalizations were categorized as heart failure, 

total cardiac, non-cardiac, and all-cause (sum of cardiac and non-cardiac).

Results—Measurement models were separately fit for Anger and Hostility, followed by a 

Confirmatory Factor Analysis to estimate the relationship between the Anger and Hostility 

constructs. An Anger model consisted of State Anger, Trait Anger, Anger Expression Out, and 

Anger Expression In, and a Hostility model included Cynicism, Hostile Affect, Aggressive 

Responding, and Hostile Attribution. The latent construct of Anger did not predict any of the 

hospitalization outcomes, but Hostility significantly predicted all-cause hospitalizations. Analyses 

of individual trait components of each of the two models indicated that Anger Expression Out 

predicted all-cause and non-cardiac hospitalizations, and Trait Anger predicted non-cardiac 

hospitalizations. None of the individual components of Hostility were related to re-hospitalizations 

or death.

Conclusion—The construct of Hostility and several components of Anger are predictive of 

hospitalizations that were not specific to cardiac causes. Mechanisms common to a variety of 

health problems, such as self-care and risky health behaviors, may be involved in these 

associations.
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Introduction

Heart failure (HF), the inability of the heart to pump sufficient blood to supply the body’s 

needs without an increase in cardiac pressures, is a chronic disorder affecting over 5.8 

million individuals in the United States (Levy et al., 2002; Lloyd-Jones et al., 2010). It is a 

major burden to the health care system, costing over 39 billion dollars in health care, 

medications, and lost productivity each year (Dunlay et al., 2011; National Center for 

Chronic Disease Prevention and Health Promotion, 2010). Despite efforts to reduce 

readmissions, HF is still one of the largest contributors to re-hospitalization, with rates 

estimated at 30% for the 60–90 days post discharge (Jencks, Williams, & Coleman, 2009). 

Numerous comorbidities are associated with HF (e.g., renal disorders, pulmonary disease, 

etc.), and many hospitalizations directly result from these comorbidities, rather than HF 

alone (Alharethi, Rasmusson, Budge, Benuzillo, & Kfoury, 2013; Krumholz, 2013). 

Therefore, it is important to identify potentially modifiable causes of re-hospitalization in 

HF patients.

Among patients with coronary artery disease, traits such as hostility and anger have also 

been implicated as risk factors for poor outcomes (Gabbay et al., 1996; Krantz et al., 2006; 

Suls & Bunde, 2005). The Cook-Medley Hostility Inventory (Cook & Medley, 1954) is 

predictive of all-cause mortality, as well as mortality as a result of coronary artery disease 

(Wong, Sin, & Whooley, 2014; Barefoot, Dodge, Peterson, Dahlstrom, & Williams, 1989; 

Wong, Na, Regan, & Whooley, 2013). This measure of Hostility consists of attitudes 

including cynicism, hostile attributions, and hostile-affect (Costa, Zonderman, McCrae, & 

Williams, 1986; Barefoot et al., 1989). The emotional state of anger is often measured in 

terms directionality (in versus out) and chronicity (e.g., state vs. trait) (Spielberger, Jacobs, 

Russell, & Crane, 1983). Anger outbursts can also trigger acute cardiac events, such as 

myocardial infarction (Buckley et al., 2015; Mittleman et al., 1995), and the effects of anger 

and hostility appear to be strongest in populations previously diagnosed with coronary heart 

disease (Chida & Steptoe, 2009). Although these constructs are related, some investigators 

have suggested that examining hostility and anger separately may be productive (Denollet & 

Pederson, 2009).

In patients with HF, there is evidence that anger and hostility predict morbidity and mortality 

(Angerer et al., 2000; Chaput et al., 2002). The primary focus of existing research has been 

on cardiovascular events (MI, cardiac procedures, death, etc.) in HF patients and not 

necessarily on hospitalizations alone (Kop, Synowski, & Gottlieb, 2011b; Rutledge, Reis, 

Linke, Greenberg, & Millis, 2006). With respect to incident HF, traits related to “anger 

proneness” predict HF events, with the latter determined, in part, by HF hospitalizations 

(Kucharska-Newton et al., 2014).

Although there is evidence that many hospitalizations in HF patients result from 

comorbidities of HF and/or cardiovascular disease (Jencks et al., 2009; Krumholz, 2013), 
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little is known about hostility and anger in relation to cardiac-related and all-cause 

hospitalizations in these individuals. These hospitalizations may result not only from 

pathophysiologic changes directly associated with worsening of disease (Miller, Freedland, 

Carney, Stetler, & Banks, 2003; Krantz et al., 2011), but also indirectly via behavioral 

factors such as reduced medication and diet compliance, and other health-impairing 

behaviors (Black, Zimmerman, & Coryell, 1999; McDermott, Schmitt, & Wallner, 1997; 

Schwebel et al., 2006; Smith & Frohm, 1985). Since a high percentage of re-hospitalizations 

in HF patients are from causes other than primary HF or cardiac diagnosis (Jencks et al., 

2009; Krumholz, 2013), it is important to also examine hospitalizations for a range of causes 

in HF patients. With respect to anger, at least one study Jenner, Strodl, and Schweitzer 

(2009) demonstrated that trait anger predicted length of all-cause hospital stay, but not 

hospital readmissions in HF patients. This study did not differentiate between causes of 

hospitalizations.

The purpose of the present study is to determine the relationships of hostility, anger, and 

their subcomponents to hospitalizations in patients with HF. We used structural equation 

modeling to determine the prospective relationship of the constructs of anger and hostility to 

hospitalizations in HF patients over a follow-up period of 36 months. Relationships with all-

cause hospitalizations as well as hospitalizations for HF or cardiac causes were examined. 

We hypothesized that the latent constructs of anger and hostility would significantly 

contribute to cardiac and HF hospitalizations. Since hostility may predict total and not just 

cardiovascular mortality (Barefoot, Dahlstrom, & Williams, 1983), we hypothesized that 

hostility might be additionally related to hospitalizations for all causes, including non-

cardiac readmissions.

Methods

Study participants

A total of 146 participants were enrolled in the longitudinal Behavioral Triggers in Heart 

Failure (BETRHEART) study (Endrighi et al., 2016), designed to examine psychological 

predictors of hospitalizations and death in patients with HF. As a part of this study, patients 

completed baseline testing session and a second assessment 3 months later. Inclusion criteria 

included: left ventricular ejection fraction (LVEF) ≤40% as assessed by echocardiography, 

age ≥18 years, and symptomatic HF (NYHA class II–IV) for ≥3 months. Exclusion criteria 

were: recent myocarditis, valve disease or thyroid dysfunction as primary HF etiology, 

current alcohol abuse, left ventricular assist device, prior heart transplantation, active cancer 

treatment, and severe cognitive impairment. Lost to follow-up was defined as unable to 

contact the participant by phone, mail, or in-person for a 1 year period. Forty-four patients 

who could not be contacted had available medical records, and their hospitalization data 

were included in the study. Sixteen patients withdrew from the study, but their 

hospitalization data were also used with their permission up until the time of their 

withdrawal. Thirty-two participants died during the duration of the study; hospitalization 

records were recorded until death occurred.
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Procedures

As part of the larger BETRHEART study examining behavioral triggers in HF, patients 

completed baseline assessments of anger and hostility and provided a detailed medical 

history. Patients were then contacted via telephone at 6-month intervals over the following 3 

years. If the participant had died, their next of kin or spouse was interviewed for cause and 

date of death. Appropriate Institutional Review Boards at both the Uniformed Services 

University and University of Maryland Medical Center approved this study.

Study Measures

State Trait Anger Expression Inventory, Second Edition (STAXI-II)—The STAXI-

II is a 57-item instrument measuring anger and its subcomponents. It consists of 6 anger 

scales: State Anger, Trait Anger, Anger Expression In, Anger Expression Out, Anger 

Control Out, and Anger Control In (Spielberger, 1999). Items are coded on a 4-point Likert 

scale (ranging from “almost never”, “sometimes”, “often”, and “almost always”). Questions 

that assess state-anger include prompts such as: “I am furious” and “I feel irritated”. When 

assessing for trait-anger participants are asked questions such as: “I am quick tempered” and 

“I have a fiery temper”. The STAXI has been found to be both internally reliable 

(Cronbach’s alpha ranging from .79 to .88), and valid (Etzler, Rohrmann, & Brandt, 2014). 

Scoring of all participant responses and inventory subscales were done according to manual 

instructions (Spielberger, 1999).

Cook-Medley Hostility Scale—The Cook-Medley Hostility Scale is a 50 item 

instrument designed to measure hostility (Cook & Medley, 1954). Barefoot et al., (1989) 

suggests that the Hostility Scale is comprised of six subscales: Cynical Hostility, Hostile 

Attributions, Hostile Affect, Social Avoidance, Aggressive Responding and Other. Each 

question is answered as a dichotomous true or false. Examples of questions included on each 

scale are as follows: Cynical Hostility Scale: “I have often had to take orders from someone 

who did not know as much as I did”; Hostile Attribution: “someone has it in for me”, Hostile 

Affect “some of my family have habits that bother me and annoy me very much”, 

Aggressive Responding: “I don’t blame anyone for trying to grab everything he can get in 

this world”, Social Avoidance: “I am likely not to speak to people until they speak to me”, 

and Other: “I am against giving money to beggars”. The measure has shown to have both 

convergent and discriminant validity and reliability (Smith & Frohm, 1985). Responses were 

scored and subscales scores were created based on the inventory manual (Cook & Medley, 

1954).

Additional study measures—The larger BETRHEART study also included measures of 

other lifestyle and psychosocial variables such as social support, depression, and variables 

related to health and self-care behaviors (e.g., dietary, weight, medication adherence, 

exercise; Riegel, Carlson, Moser, Sebern & Hicks, 2004) and attitudes (e.g., optimism, self-

efficacy). Several of these variables involved standardized measures (e.g., social support, 

Cohen & Wills, 1985; severity of HF symptoms, Green, 2000) and other variables were 

assessed using ad hoc measures of self-care. Analysis of these variables and their complex 

relationship to study outcomes is beyond the scope of this report.
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Hospitalization endpoints—Hospitalizations were recorded during the 3-month initial 

study period and at subsequent 6-month telephone interviews for up to 36-months. 

Hospitalizations prior to death were used in the case of participants who died. Death from 

any cause was also measured based on next of kin reports and hospitalization records, and 

verified with the Social Security Death Index. Hospitalizations and their cause were self-

reported by participants and subsequently verified by medical record review. 

Hospitalizations were categorized into four overlapping categories: HF related 

hospitalizations (n=183), cardiac related hospitalizations (which included HF related 

hospitalizations, n= 291), hospitalizations for non-cardiac reasons (e.g., non-cardiac 

surgeries, acute illness, injuries, n=284), and all-cause hospitalizations (included both 

cardiac and non-cardiac hospitalizations, n=575). HF hospitalizations included those due to 

pump failure or fluid overload. Cardiac related hospitalizations included these HF 

hospitalizations, but also hospitalizations for reasons such as myocardial infarction, angina, 

myocardial ischemia, and also for cardiac revascularization procedures. Non-cardiac 

hospitalizations included any other hospitalizations for any non-cardiac reason. All-cause 

hospitalization was a composite variable containing all three types of hospitalizations (heart 

failure, cardiac, and non-cardiac). Hospitalization counts for each patient were corrected for 

length of follow-up time in subsequent analyses (see below).

Data Analysis

Structural Equation Modeling (SEM; with MPlus) (Muthen & Muthen, 1998–2010) was 

used to determine the role of anger and hostility in predicting hospitalizations. Measures of 

anger and hostility at baseline were used in the following analyses. To determine whether the 

anger scales measured by the STAXI-II accurately capture the construct validity of anger 

within our sample, we entered the 6 subscales of the STAXI-II (State Anger, Trait Anger, 

Anger Expression In, Anger Expression Out, Anger Control In, and Anger Control Out) as 

indicators of Anger into a measurement model and assessed model fit. This same process 

was then repeated with the 7 subscales of the Cook-Medley Hostility Scale (Cynical 

Hostility, Hostile Attributions, Hostile Affect, Social Avoidance, Aggressive Responding 

and Other). The Total Hostility scale of the Cook-Medley was omitted from the analyses due 

to the high correlation with the other subscales (this scale was correlated with the other 5 

scales at r=.65, p<.001 or greater, see Table 3). A Confirmatory Factor Analysis (CFA) was 

followed to determine the correlation between the two latent constructs (see Figure 1).

Finally, Structural Equation Models were run evaluate the possible predictive power of anger 

and hostility for each of the hospitalization measures: non-cardiac hospitalizations, cardiac 

hospitalizations (this was a composite variable that included HF hospitalizations), HF 

hospitalizations, and all-cause (total of cardiac and non-cardiac) hospitalizations. If the 

overall construct was found to significantly predict these endpoints in the SEM analysis, 

linear regressions were then used to determine the relationship of individual subscales to 

each hospitalization outcome. Covariates in all models included gender, race, income, and 

length of time for which follow-up data was available for that subject (i.e., length of time in 

the study). Smoking was not included as a covariate since it was not a significant predictor 

in this sample and we sought to limit number of covariates due to study sample size. 

Because there were a few extreme outliers with a very large number of hospitalizations 
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created by unusual non-medical reasons, hospitalizations were truncated at no more than two 

standard deviations above the mean. For example, one participant had over 100 

hospitalizations that were not linked to any medical condition (e.g., seeking shelter and 

food), and therefore an artificial inflation of hospitalization data. Any missing values from 

the independent variables were estimated using the maximum likelihood estimation with 

MPlus. We used traditional SEM and linear regression methods in this study rather than 

Poisson regression analyses of count data, since hospitalizations were not rare events. We 

treat hospitalizations as a continuous variable assuming an underlying continuous scale in 

number of hospital stays. Poisson analyses of these data yielded results similar and not 

significantly different from those presented.

Results

Of the total 146 participants initially enrolled, 112 of our sample were male (76%) and 34 

female (24%). The mean age was 57.51 (SD= 11.42) years (see Table 1 for demographics). 

A majority of the sample were African Americans (69.9%) and predominately lower or 

lower middle class.

Number and Cause of Hospitalizations

The mean length of study follow-up was 24.76 months (SD=13.40 months). Overall 94 

participants (62.7% of our sample) had been hospitalized at least once for any reason. 

Among these individuals, there were 291 cardiac-related hospitalizations (183 were heart 

failure related hospitalizations) accounted for by 54 participants. There were 108 non-heart 

failure cardiovascular-related related hospitalizations in 53 patients, and 284 hospitalizations 

for non-cardiac causes (non-cardiac surgeries, acute illness, injuries) in 68 patients. For all-

cause hospitalizations, 56 patients had 0 hospitalizations, 23 patients had 1, 18 had 2, 9 had 

3, 5 had 4, and 39 had 5 or more hospitalizations, respectively. Table 2 presents a breakdown 

of number and cause of hospitalizations and excludes outliers. As illustrated by Table 2, a 

majority of non-cardiac related hospitalizations were a result of non-cardiac related chest 

pain (e.g., GERD), acute illness (e.g., pneumonia, bronchitis), chronic illness (e.g., COPD), 

undifferentiated symptoms, and other (e.g., supratherapeutic INR). For this sample, the 

mean number of HF related hospitalizations was 1.95 (SD=2.93), the mean number of 

cardiac related hospitalizations was 3.10 (SD=3.66), the mean number of non-cardiac 

hospitalizations was 3.02 (SD=9.19), and the mean number of all-cause hospitalizations was 

3.83 (SD=9.40).

Structural Equation Modeling (SEM)

Confirmatory Factor Analysis—Table 3 presents the means and standard deviations for 

the observed variables that fit in the measurement models for hostility and for anger, 

respectively. Table 3 also includes correlations between Anger and Hostility Subscales. 

Analyses revealed that the latent construct of Anger was comprised of Anger Expression-

Out (Mean=14.22, SD=4.74), Anger Expression-In (Mean=15.38, SD=5.14), State Anger 

(Mean=16.77, SD=5.39), and Trait Anger (Mean=16.34, SD=6.14), as Anger Control-In and 

Anger Control-Out did not fit the hypothesized model (see Figure 1). The hypothesized 

model included all 6 subscales suggested by Spielberger (1999).
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The latent construct of Hostility comprised of Cynicism (Mean=7.79, SD=2.86), Hostile 

Attribution (Mean=4.91, SD=2.64), Hostile Affect (Mean=1.87, SD=1.31), and Aggressive 

Responding (Mean=4.07, SD=1.85), as Social Avoidance and Other did not fit the 

hypothesized model and were therefore removed (see Figure 1). The Comparative Fit Index 

[CFI (Bentler, 1990)] of the two factor model was .99, indicating good fit. The Tucker-Lewis 

Index (TLI, or otherwise known as the Non-Normed Fit Index) of .98 also suggested a good 

fit (Hu & Bentler, 1999). Furthermore, the Root Mean Square Error of Approximation 

(RMSEA) was .03 (Steiger, 2007) (Figure 1). The two constructs within the model were not 

significantly correlated with one another (b = −1.6, p=.09, S.E. Est.= -.61).

Structural model—Results of these analyses revealed that the construct of Anger was not 

a significant predictor to any hospitalizations or death (B= −2.15, S.E. Est.= −.45). However, 

the construct of Hostility did significantly predict all-cause hospitalizations [(B= .70, S.E. 

Est.= 3.1) see Figure 2)]. Based on the criteria of Bentler (1990), Hu and Bentler (1999), and 

Steiger (2007) the model demonstrated good model fit: CFI=.95, TLI= .93, and RMSEA=.

05. The R-Squared value for Cynicism, Hostile Attribution, Hostile Affect, and Hostile 

Affect was .69, .29, .16, and .99, respectively when predicting all-cause hospitalizations, 

indicating relative importance to the Hostility construct. It is noteworthy, that as a covariate, 

gender was significant within this model, indicating a gender difference in all-cause 

hospitalizations.

Linear Regressions

We subsequently broke the constructs down into their observed scores, and ran linear 

regressions (see Tables 4–5) to determine the role of each subcomponent in hospitalizations. 

As with the overall models age, gender, and race were used as covariates within the 

regression analyses. Analyses found that Trait Anger predicted non-cardiac hospitalizations 

(R2= .08, B=.12, p=.05, see Table 5), even after controlling for covariates. Additionally, 

Anger Expression Out significantly predicted all-cause hospitalizations (R2= .93, B=.15, p=.

05, see Table 4), and non-cardiac hospitalizations (R2= .16, B=.22, p=.001, see Table 5) even 

when controlling for covariates. None of Hostility’s other subcomponents predicted 

hospitalizations or death. Results did not differ when death was included as an event or when 

those who had died (n= 21) were excluded from the analyses.

Discussion

The present results indicate that Anger and Hostility each represent valid underlying 

psychological constructs in this HF population, and that elements of anger and hostility are 

both predictive of all-cause hospitalizations in patients with HF. Within this patient 

population, hostility and anger predicted both non-cardiac, as well as cardiac related, 

hospitalizations. This association of Hostility with all-cause hospitalizations is not surprising 

for two reasons: first, studies indicate that since there are many comorbidities in patients 

with HF, a significant number of recurrent hospitalizations in this group are from non-

cardiac causes (Krumholz, 2013; van Deursen et al., 2014); and second, there is evidence 

that Hostility as measured by the Cook-Medley Hostility Inventory predicts all-cause 

mortality, as well as cardiac-related events in patients with coronary heart disease (Barefoot 

Keith et al. Page 7

Health Psychol. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



et al., 1983; Rafanelli, Gostoli, Tully, & Roncuzzi, 2016; Wong et al., 2014). The pattern of 

the association between anger/hostility study variables and hospitalizations differed between 

the Hostility and Anger constructs. The Hostility construct, but not the individual component 

scales, predicted all-cause hospitalizations even after adjusting for age, race, and gender. 

Conversely, Anger as a construct did not predict hospitalizations; however, several individual 

anger component scales were significant predictors.

Confirmatory factor analysis (CFA) indicated that the Hostility construct is comprised of 

Cynicism, Hostile Attribution, Aggressive Responding, and Hostile Affect. This finding is 

similar to results (Barefoot et al., 1989), which found that several of these component scales 

were significant predictors of survival in young adults followed longitudinally over 28 years. 

These investigators reasoned that Cynicism, Hostile Affect, and Aggressive Responding 

represented thought, emotion, and behavior, respectively, and therefore are the most 

powerful aspects of the Hostility construct. Our analyses suggest that these components are 

only predictive when taken together and all are essential, but they lack the needed predictive 

strength when examined individually. There are many reasons this might be the case, but the 

most likely is that 3 year hospitalizations in HF patients have a different set of determinants 

than does long-term survival in healthy subjects.

CFA in our sample also suggested that Anger is a latent construct comprised of Trait Anger, 

State Anger, Anger Expression-In, and Anger Expression-Out, but not Anger Control-In and 

Anger Control-Out. This construct structure is contrary to findings of several studies 

conducted in undergraduate student samples, which found that the Anger Control variable 

was an aspect of Anger as a construct (Forgays, Forgays, & Spielberger, 1997; Fuqua et al., 

1991). Therefore, we may be capturing a dimension of anger that is evident only among 

older individuals, individuals with a major chronic disease, and/or African American patient 

populations (see below). Furthermore, the present study indicates that only the individual 

components of Anger, rather than the entire construct, are predictive of all-cause and non-

cardiac hospitalizations. This is consistent with studies indicating the presence of a 

relationship between Anger Expression and Trait Anger and higher blood pressure levels, 

which is a known risk factor for HF (Schum, Jorgensen, Verhaeghen, Sauro, & Thibodeau, 

2003; Suls, Wan, & Costa, 1995).

The lack of correlations between the individual components of anger and hostility (see Table 

3), differs from findings of a prior study (Bishop & Quah, 1998) reporting significant 

correlations between individual components of anger and hostility. This prior study studied a 

young, female, and healthy Asian sample, which contrasts with our predominantly African 

American, low socioeconomic status, sample of individuals with severe cardiovascular 

disease. Research does indicate that Cynical Hostility and Anger are predictive of 

cardiovascular endpoints in African Americans (e.g., Asari, 2017), and these traits appear to 

be expressed differently in African Americans (Johnson & Broman, 1987). In addition to 

race, factors such as age, gender, and culture can also alter the expression of anger and 

hostility traits and their health effects (Krantz et al., 2006; Kitayama et al., 2015; Johnson & 

Broman, 1987; Boisclare et al., 2014).
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The most common mechanisms proposed to account for the effects of hostility and anger on 

cardiovascular morbidity and mortality include increased sympathetic nervous system and/or 

inflammatory processes. (Kop et al., 2011; Krantz, Whittaker, & Sheps, 2011). However, it 

is provocative that in this study, anger and hostility variables were predictive of all-cause 

hospitalizations or non-cardiac hospitalizations, rather than cardiovascular hospitalizations. 

These findings are consistent with studies indicating that hostility is predictive of total 

mortality, and not just cardiovascular mortality (Barefoot et al., 1983; Barefoot et al., 1989; 

Wong et al., 2014). This suggests that there is an underlying mechanism common to a 

variety of health problems, and not just to cardiovascular disease.

Behavioral and psychosocial variables that contribute to a variety of health problems include 

risky health behaviors, poor self-care, and lack of adequate social support. In this regard, 

evidence also indicates that Hostility is also associated with risky behaviors (Schwebel et al., 

2006), poor self-care (Lee et al., 1992; Pulkki, Kivimaki, Elovainio, Viikari, & Keltikangas-

Jarvinen, 2003), and tends to cluster with other risk factors (Bunde & Suls, 2006). It is 

therefore possible that poor self-care behaviors as physical activity, daily weighing, dietary 

and medication adherence, etc. (Riegel et al., 2004) may mediate associations between 

hostility or anger traits and increased hospitalizations in HF patients. Another possible 

mediator is the association between high levels of hostility and poor social support networks 

(Hardy & Smith, 1988). Social support is a predictor of both hospitalizations and mortality 

(Luttik, Jaarsma, Moser, Sanderman & van Veldhuisen, 2005), and poor support networks 

may interact with self-care and risky behaviors to increase hospitalization risk. However, 

prior research has not specifically examined these factors with respect to their possible role 

as mediators of relationships between hostility traits and hospitalizations, and further 

research is needed to address the issue of mechanisms. Although the larger BETRHEART 

study included measures of self-care and social support, relationships of Hostility to the 

multiple mediating mechanisms contributing to hospitalizations are likely complex, and their 

examination is beyond the scope of this article.

Clinical Implications

Prospective studies examining the role of anger and hostility in cardiovascular disease 

suggest that these traits play a role in disease etiology and in the development of 

atherosclerosis. Evidence further indicates that hostility is related to poor health habits 

(Pulkki et al., 2003), which may, in turn, increase risk for morbidity and mortality from a 

variety of disorders in seriously ill patients with chronic heart failure. Results of this study 

indicate that hostility traits have wider consequences for the burden on the health care 

system and perhaps for overall health care costs. Therefore, the presence of hostility traits in 

chronically ill patients with moderate to advanced HF may help to identify individuals who 

should be targeted for screening and interventions that may reduce hospitalizations, such as 

case management, attention to improved doctor-patient communication, patient education, 

and collaborative care (Bradley et al., 2013).

Study Limitations

There are several study limitations that should be noted. First, the present study did not test 

possible mediating mechanisms such as health risk behavior and social support, which were 
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beyond the scope of this paper. Results of this study may also not be generalizable to more 

representative population of patients with heart failure since the present sample was majority 

African American, of lower socioeconomic status, and had relatively severe heart failure. 

However, the study does provide information about psychological determinants of heart 

failure in an under-represented ethnic minority in need of further study. In African-

Americans, the causes of heart failure are more likely to be non-ischemic (i.e., not due to 

coronary artery disease), as opposed to ischemic (due to coronary artery disease), and are 

more likely to develop heart failure at younger ages (Sharma, Colvin-Adams, & Yancy, 

2014). For this and other reasons, an additional result of this is that our study population was 

somewhat younger than one would find in the typical sample of patients with ischemic heart 

failure.

Another issue that should be noted is that although primary causes of hospital admissions 

were verified in patients’ hospital records, problems leading to admission are often causally 

interrelated and highly comorbid with one another. Therefore, identifying a primary cause of 

hospitalization may be somewhat arbitrary, and conclusions regarding distinctions between 

heart failure, cardiac, and non-cardiac causes of re-admission should be evaluated with this 

in mind. However, hospitalizations, regardless of primary causes, are a major cause of health 

care expenditures (Alharethi et al., 2013; Dunlay et al., 2011; Jencks et al., 2009; Krumholz, 

2013), and it is important to understand their determinants, and arguably an important 

strength of the study. Lack of power is another limitation that must be taken into 

consideration. Although there is no consensus within the literature in regards to completing a 

power analysis for SEM, experts do suggest that there should be approximately 10 

participants for every observed variable (Kline, 2011). By this standard, the current analyses 

conform to these particular guidelines.

In sum, although the research on hostility and anger has largely focused on cardiovascular 

disease risk, future research would benefit from further examination of general health 

impairing behaviors that are associated with hostility and anger, and that might contribute to 

poorer health outcomes and increased risk of re-hospitalization in vulnerable individuals 

with serious chronic diseases such as HF. Indeed, understanding of the behavioral 

determinants of multi-morbidity is seen as an emerging area of bio-behavioral research 

(Suls, Green, & Davidson, 2016). Screening for hostility and anger traits in heart failure 

patients may help identify individuals at higher risk for hospitalization. In addition, 

interventions to reduce these characteristics may contribute a reduction in re-hospitalization 

risk in HF and contribute to reducing the burden and cost on the health care system.
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Figure 1. Confirmatory Factor Analysis of Anger and Hostility
Anger and Hostility are the latent variables and boxes represent all of the observed variables. 

The path loadings presented above are non-standardized estimates (B) and the solid lines 

represent significant paths at p<.05. Fit indices for this model are: CFI = 0.99, TLI = 0.98, 

and RMSEA = 0.03. The dashed line represents a non-significant path (p = .09).
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Figure 2. Structural Model: Hostility Predicting All-Cause Hospitalizations
Path loadings presented are non-standardized estimates (B). The solid lines represent 

significant paths at p<.05 and dashed lines represent all non-significant paths. CFI=.96, 

TLI=.94, and RMSEA=.05.
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Table 1

Sample Demographic and Medical Characteristics, mean (s.d.) or N(%)

Variable Full Sample
N=146

Mean or %

Male Gender 112 (76%)

Age (years) 57.51 (1.42)

Race

African American 102 (69.9%)

Caucasian 43 (29.5%)

Other 1 (0.7%)

Household Income <$15,000 51 (34.9%)

$15–30,000 39 (26.7%)

$30–70,000 43 (29.5%)

>$70,000 13 (8.9%)

History of Hypertension 116 (77%)

Creatinine (mg/dl) 1.38 (.71)

Ejection fraction (%) 23.14 (7.48)

History of Smoking (% yes)| 103 (70.5%)

Mean time in the Study (months) 24.76 (13.40)
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Table 2

Number of Cardiac, Non-Cardiac, and All-Cause Hospitalizations*

Cause Admitting diagnosis N

Heart Failure 183

Cardiac Angina 35

ICD related 32

Hypo/hypertension 9

Myocardial Infarction 7

Shortness of breath 6

Stroke 5

Other 14

Total N, cardiac hospitalizations* 291

Non-cardiac Non-cardiac chest pain 58

Psychiatric 10

Injury (e.g., broken arm) 14

Acute Illness (e.g., pneumonia) 56

Chronic Illness (e.g., cancer, COPD) 54

Surgery (e.g., back, knee) 13

Undifferentiated Symptoms 40

Other (e.g., INR, sleep study) 39

Total N, non-cardiac Hospitalizations* 284

All-Cause Total N, al-cause hospitalizations 575

*
Note: Hospitalization numbers represent actual full non-truncated data. Number of hospitalizations exceeds the number of patients because some 

participants had multiple hospitalizations, including both cardiac and noncardiac hospitalizations. N=107 patients had at least one cardiac 
hospitalization, and N=68 participants had at least one non-cardiac hospitalization. Data from one outlier participant with >100 hospitalizations 
were excluded from these totals.
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Table 4

Anger and Hostility Subcomponents Predicting All-Cause Hospitalizations

B CI 95% p

Step One
Covariates Block Significant

Step Two
Covariates

State Anger .04 −.09 −.17 .54

Trait Anger .10 −.02 −.21 .09

Anger Exp Out .15* .01 −.30 .04*

Anger Exp In .07 −.07 −.20 .32

Cynicism .07 −.19 −.33 .61

Hostile Attribution .05 −.24 −.34 .74

Hostile Affect .11 −.45 –.67 .69

Aggressive Responding −.05 −.45 –.35 .79

*
p<.05
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Table 5

Anger and Hostility Subcomponents Predicting Non-cardiac Hospitalizations

B CI 95% p

Step One
Covariates Block Significant

Step Two
Covariates

State Anger .08 −.04 −.19 .21

Trait Anger .12* .04 – .21 .04

Anger Exp Out .22*** .10 −.35 .001

Anger Exp In .02 −.11 −.15 .74

Cynicism .04 −.19 − .27 .72

Hostile Attribution −.08 −.35 − .18 .53

Hostile Affect .08 −.48 – .64 .78

Aggressive Responding −.20 −.56 – .17 .28

*
p<.05,

**
p<.01,

***
p≤.001
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