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 ABSTRACT 

 

Title of Thesis: State Anger and Short-Term Heart Failure Outcomes: Comparison with 

Perceived Stress 

 

Andrew J. Dimond, Master of Science, 2016 

 

Thesis directed by: David S. Krantz, Professor, Department of Medical and Clinical 

Psychology 

 

Background:  Evidence suggests that anger episodes may trigger adverse cardiac 

events, and we previously demonstrated that short-term stress appraisal levels were 

associated with heart failure (HF) exacerbations. This study investigates associations 

between anger and short-term exacerbations, including hospitalizations or death, 

functional status, symptoms, and B-type natriuretic peptide (BNP), in patients with 

congestive heart failure (CHF). Methods: In 144 systolic CHF patients (77% male; 57.5 ± 

11.5 years old; left valve ejection fraction ≤ 40%), state anger (State Trait Anger 

Expression Inventory-2, STAXI-2), perceived stress (Perceived Stress Scale, PSS), and 

hospitalizations or death were prospectively assessed at baseline and at 2-week intervals 

for 3 months. Hospitalization for CV causes or death (adverse events; AE) were assessed 

every 2 weeks, and at 9-month follow-up. Functional status (Six-Minute Walk Test; 

6MWT), symptom status (Kansas City Cardiomyopathy Questionnaire summary score; 

KCCQ-Summary), and BNP were also assessed biweekly for 3 months. Mixed model 
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analyses were used with standard risk factors as covariates. Results: Average anger and 

PSS were strongly correlated (r=.51, p<.01). Acute increases in anger were associated 

with decreased functional status (B=-2.55, p=.035) and high average anger was 

associated with worsened symptom status (B=-1.23, p<0.0001). Anger was not 

associated with risk for AE. After controlling for PSS, associations between anger and 

functional status and symptom status were no longer significant. Conversely, when 

controlling for anger, high average PSS was significantly associated with AE (B=0.12, 

p=.001) and worsened symptom status (B=-1.57, p<.0001) and acute increases in PSS 

were associated with worsened symptom status (B=-0.24, p=.003) and decreased 

functional status (B=-2.94, p=.004). There were no effects of anger or stress on BNP. 

Conclusions: Perceived stress was more strongly associated with outcomes than state 

anger. State anger was associated with short-term fluctuations in decreased functional 

status and mean worsened symptom status in CHF patients, but psychological stress was 

more strongly associated with adverse events, functional status, and symptom status than 

state anger. After controlling for perceived stress, state anger was not associated with any 

CHF outcomes. Effects of state anger may operate through its associations with 

psychological stress. 
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CHAPTER 1: Introduction 

HEART FAILURE 

Congestive heart failure (CHF) is a chronic disease that produces high rates of 

recurrent hospitalizations, reduces quality of life, and leads to high mortality rates. Heart 

failure is a progressive disease that often begins with dysfunction of the endothelium 

(blood vessel lining) and atherosclerosis (arterial fatty plaque formation; 47). Other 

causes of CHF may include high blood pressure, smoking, alcohol use, and cocaine use. 

Systolic CHF is characterized by the heart being unable to pump sufficient blood to meet 

the needs of the rest of the body. Common symptoms of CHF include breathlessness, 

fatigue, and fluid overload (56). CHF produces a significant health impact on individuals’ 

lives. 

CHF produces a heavy burden both on individual patients and on healthcare 

systems. CHF is estimated to be present in approximately six million members of the 

U.S. population (64). A study by Cowie et al (12) found that in a cohort of newly 

diagnosed CHF patients that 62% died within 1 year of being first diagnosed. Up to 35% 

of CHF patients are re-hospitalized within 30 days of being released from the hospital 

(16), and up to 50% are re-hospitalized after 6 months (13). A study by Wexler et al (74) 

found that 44% percent of a population of 65 year old or younger patients diagnosed with 

CHF experienced re-hospitalizations within 6 months of hospital discharge. These 

frequent hospitalizations pose a major disruption in the lives of CHF patients and cost the 

U.S. healthcare system and Medicare billions of dollars each year (30). Wexler et al. 

estimated that each re-hospitalization of CHF patients on average incurred a cost of 
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$7,174. Wexler et al. concluded that interventions producing even slight reductions in re-

hospitalizations rates would greatly reduce the financial impact CHF currently produces. 

Biological Risk Factors 

Considerable research has been conducted on the biological and behavioral risk 

factors for CHF deterioration and on the long-term predictors of CHF outcomes (17; 25; 

27; 62). Any factor that weakens the heart or increases how hard the heart has to work to 

pump blood may increase an individual’s risk for developing CHF. Currently known 

common risk factors include high blood pressure, a history of myocardial infarctions 

(heart attacks), coronary artery disease (CAD), obesity, smoking, alcohol use, and sleep 

apnea (52). The current approach to treating CHF often includes prescribing the patient a 

mix of various medications to reduce the patient’s heart rate, improve heart muscle 

contractility, and reduce blood volume (53). Consequently, the patient’s level of 

compliance with taking medications becomes another risk factor for heart failure 

worsening. Another behavioral risk factor is diet. A diet containing high amounts of fat 

can potentiate atherosclerosis and high salt content in a person’s diet may lead to 

increased blood pressure. 

Psychosocial Risk Factors 

There are also a number of psychosocial risk factors that are associated with 

CAD. Some of the psychosocial elements that are related to heart disease include anger, 

hostility, anxiety, stress, a low level of social connectedness, and depressive 

symptomology (21; 38; 59; 61). It has been proposed that psychosocial factors contribute 

to the development of heart disease through four main mechanisms: activation of the 

autonomic nervous system and hypothalamic-pituitary-adrenal axis, serotonergic 
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dysfunction, secretion of proinflammatory cytokines (cell signaling proteins), and blood 

platelet activation (21). 

A more acute form of psychosocial factor associated with heart disease worsening 

has been termed “triggering.” A growing body of research indicates that the sudden 

experience of intense emotions, such as stress, anger, or sadness, in vulnerable 

individuals may trigger acute cardiac events within a matter of hours (68). Kark et al (40) 

found that deaths due to cardiovascular causes spiked amid the first day of missile strikes 

on Israeli cities during the Persian Gulf War. Leor et al (51) examined Los Angeles 

County coroner reports for the week before, the day of, and six days after the 1994 

Northridge earthquake. They found that the number of deaths due to acute cardiac causes 

increased from a daily average of 4.6 during the week before to 24 on the day of the 

earthquake. They further reported that 16 of the deceased individuals either exhibited 

premonitory symptoms or died during the first hour after the quake began. Wilbert-

Lampen et al (75) studied the incidence rate of cardiac emergencies in the greater Munich 

area during the 2006 Fédération Internationale de Football Association World Cup. They 

observed that on days in which the German team played cardiac emergencies increased 

by 2.66 times compared to a control period. They also found that the highest rate of 

events occurred during the initial 2 hours following the start of a match. 

The biological processes underlying emotional triggering may include a reduction 

in parasympathetic nervous system activity, sudden changes in heart rate and blood 

pressure, neuroendocrine activation, inflammatory responses involving cytokines, and 

increased blood platelet activity (68). Those processes then increase the likelihood of 
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coronary plaque disruption, thrombus formation, cardiac dysrhythmia, and myocardial 

ischemia (68). 

ANGER AND CARDIOVASCULAR DISEASE 

Anger has long been associated with worsened cardiac health, both in folk 

wisdom and scientific research. Some of the first major research linking anger and 

cardiovascular disease came about in the 1970’s as a result of growing interest in the 

Type A personality construct (70). Type A individuals were thought to be more likely to 

exhibit competitiveness, impatience, aggressiveness, intense work focus, and anger (22). 

Research conducted over ensuing decades did not bear out a strong or consistent link 

between the full Type A personality construct and cardiovascular illness, but the hostility 

and aggression subcomponents of the larger Type A construct were found to predict the 

development of cardiovascular diseases (70).  

The discovery of anger’s link to cardiac illnesses has led to the continued modern 

research interest in anger as a predictor of heart disease. Currently, researchers often use 

a three-factor model to understand anger-related experiences (70). The three-factors are 

anger, hostility, and anger expression. Anger is generally used to refer to the actual 

affective experience of being angry and is divided into a more acute form, state anger, 

and a more chronic dispositional form, trait anger. Hostility is the cognitive dimension of 

anger and is often characterized by cynicism and negative attributions regarding the 

behaviors of others. Finally, anger expression refers to verbal or physical behavior that is 

antagonistic in nature.  

Numerous studies have explored the link between the three forms of anger 

experience and cardiovascular illness. Jenner et al (37) examined hospital readmissions 
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amongst a sample of 175 CHF patients and found that trait anger significantly predicted 

length of stay in the hospital, but not number of readmissions. Newman et al (60) 

conducted a 10 year prospective study with 1,749 participants to elucidate the 

relationship between hostility and CAD. They found that the presence of any observed 

hostility (as measured via a structured interview) at baseline was associated with a 

doubled risk of developing CAD during the course of the study, when controlling for 

other cardiovascular and psychosocial risk factors. Newman et al. also used a self-report 

measure of hostility, but found that it did not significantly correlate with increased risk of 

developing CAD and it only had a .12 correlation with the observational hostility 

measure.  

When examined across multiple meta-analyses, the three forms of anger 

experience generally provide a mixed level of risk prediction and are often reduced to 

non-significance when controlling for other risk factors (70). While some measures of 

anger have not produced highly consistent and significant results, state anger may still 

prove to be a useful measure in relation to predicting cardiovascular events. 

Anger as a Trigger 

There is a growing body of literature that indicates the importance of acute anger 

in triggering cardiac events. Mittleman et al (55) conducted a study using a case-

crossover methodology to examine whether there is a link between acute experiences of 

anger and myocardial infarctions. They found that the relative risk of a myocardial 

infarction was 2.3 during the 2 hours following experiencing an episode of heightened 

anger. Tofler et al (72) completed a similar case-crossover study and found that patients 

had a 4.1 relative risk of myocardial infarction in the 2 hours following an episode of 
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intense anger. A meta-analysis conducted by Mostofsky et al (58) found that the risk of 

cardiovascular events was heightened for 2 hours after experiencing an outburst of anger 

in a sample of nine case-crossover studies. The same meta-analysis also found that 

outbursts of anger increase individuals’ risk of various cardiovascular events, including: 

cardiac arrhythmia, ischemic and hemorrhagic stroke, myocardial infarction, and acute 

coronary syndrome (any condition in which blood supply to the heart is suddenly 

obstructed; 58). A study of patients with implanted cardioverter-defibrillators (ICDs) 

found that heightened levels of anger were significantly associated with the 15 minute 

period prior to the development of a ventricular arrhythmia (48). Episodes of anger were 

also associated with a heightened risk of experiencing myocardial ischemia in a study of 

patients with CAD (26).    

STRESS 

 The term stress has many different definitions and may encapsulate numerous 

levels of analysis. There are considered to be three main categories of stress research 

(10). The first of these categories defines stress as a physiological reaction to demanding 

situations. This approach derived from the works of Walter Cannon and Hans Selye, and 

is often concerned with the measurement of hormones and other biomarkers of 

physiological reactivity (10).  

The second category of stress research is based around measuring objective 

external events that are frequently associated with adaptive demands (10). This research 

is based on the assumption that numerous and/or major life changes, including positive 

ones like marriage or a promotion, are inherently stressful. Part of the research in this 

area exclusively focuses on either just major life events or just minor daily events. Minor 
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life events characterize daily hassles such as being cutoff in traffic or arguing with 

someone.  

The final category of stress research was founded out of the work of Richard 

Lazarus and defines stress as occurring when organisms perceive that environmental 

demands will exceed their coping capacity and experience a negative emotional reaction 

(49). This category of stress is concerned with measuring one’s appraised capacity to 

respond to situational demands (10). The Perceived Stress Scale is one measure that was 

designed to quantify individuals’ experience of event appraisal and stress (9). 

Stress and Cardiovascular Disease 

Numerous studies have examined the relationship between cardiovascular disease 

and stress. Significant findings have been produced by various studies examining the 

relationship between laboratory mental stressors and cardiac ischemia (disruption in 

blood supply; 46). Mental stress tasks that have been used include activities such as 

public speaking (63) and mental arithmetic tasks (6). Stress, among other factors, may 

also trigger cardiac events (see Psychosocial Risk Factors above).  

Psychological stress is known to indirectly affect CHF, by negatively influencing 

a number of the factors, such as alcohol use and triggering of inflammatory responses, 

which are predictive of CHF outcomes (69). Limited research has been conducted 

regarding the degree to which stress directly influences CHF outcomes and 

hospitalizations.  Most research that has been conducted in this area has involved either 

retrospective designs, which have not been able to firmly establish causation, or short-

term laboratory based experiments with high impact events, which lack ecological 
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validity compared to the kinds of long-term stressors that most people face in their lives 

(54; 76).  

Minor Life Events and CHF 

 Little is known about the direct relationship between minor events and CHF. At a 

very general level, there is evidence that health status and medical utilization rates are 

related to the degree to which one experiences daily hassles (4; 15). A longitudinal study 

of Dutch youths that collected data at ages 27 and 29 years old found that increases in 

daily hassles were related to increased CAD risk factors, such as increased lipoprotein 

levels, more smoking behavior, and less daily physical activity (73). 

Stress Appraisal and CHF 

The relationship between stress appraisal and CHF is another topic upon which 

limited research has been conducted. A correlational study of heart failure patients did 

find that those who had a greater sense of perceived control, a core element of stress 

appraisal, were more likely to exhibit less emotional distress and higher functional status 

(18). The only prospective study examining stress appraisal and CHF that this author is 

familiar with was conducted by Endrighi et al (19). It found that patients who repeatedly 

reported high levels of appraised stress had a higher likelihood of cardiovascular related 

hospitalizations and death, when compared to patients with lower stress scores. 

RELATIONSHIP BETWEEN STRESS AND ANGER 

An important question for cardiovascular health research is to what degree do 

stress and anger overlap with each other? Unfortunately, this topic has rarely been 

directly addressed by researchers. Many studies treat stress and anger as wholly separate 
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variables. They may, however, be connected in important ways when it comes to 

predicting cardiovascular illness development. Smith et al (65) conducted a set of studies 

on hostility and found that individuals who experience high hostility and anger are more 

likely to experience more severe and more frequent daily stressors, reduced social 

support satisfaction, and have fewer social supports. Each of those associated factors 

could lead to increased perceived stress and increased activity of the hypothalamic-

pituitary-adrenocortical axis and sympathetic-adrenal-medullary system, which can 

promote the development of cardiovascular disease. A study of the psychometric 

properties of the Weekly Stress Inventory when used with a heart failure population 

found that minor events were significantly correlated with a measure of Type A 

personality (57). Finally, Girardi et al (28) found that increased interpersonal conflict in 

the workplace, which may lead to both stress and anger, was related to increased serum 

levels of pro-inflammatory cytokines (intercellular messaging proteins). A heightened 

inflammatory response may contribute to the development of atherosclerosis, which can 

lead to the development of CHF.  

SUMMARY AND RATIONALE 

CHF significantly reduces the quality and length of life of millions of individuals 

and cost patients and health care systems billions of dollars each year. Numerous studies 

have been conducted to better understand the biological and psychosocial risk factors for 

developing CHF and CHF worsening. Anger has previously been identified as likely 

playing a significant part in the progression and exacerbation of CHF, including 

triggering acute cardiac events. Stress in general has also been identified as probably 

contributing to the development and course of CHF. However, limited research has been 
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conducted that specifically examines the degree to which stress appraisal may 

specifically contribute to CHF outcomes. Similarly, there appears to be a lack of research 

that assesses the potential overlap between stress and anger.   

A previous study (19) produced from the same Behavioral Triggers of Heart 

Failure (BETRHEART) project as this study found that scores on the Perceived Stress 

Scale, a measure of stress appraisal, were related to adverse events (deaths and 

hospitalizations). This study seeks to extend those results and compare the relative 

importance of stress appraisal with anger experiences in predicting outcomes for CHF 

patients.  

Specific Aim 1.  

The first aim of this study will be to determine the effects of state anger on CHF 

hospitalizations, death, functional status, and symptoms. Outcomes assessed will consist 

of cardiac related hospitalizations and death, Kansas City Cardiomyopathy Questionnaire 

scores, six minute walk test distance, and blood levels of b-type natriuretic peptide. State 

anger will be measured with the State Trait Anger Expression Inventory-2. 

Hypothesis 1: Patients with higher levels of state anger will exhibit higher rates of 

hospitalizations and death, reduced functional status, and greater CHF symptoms. 

Specific Aim 2.  

To determine the impact of stress appraisal, as measured by the Perceived Stress 

Scale, on acute CHF hospitalizations, deaths, functional status, and symptoms. 

Hypothesis 2: Patients with higher stress appraisal will exhibit higher rates of 

hospitalizations and death, reduced functional status, and greater CHF symptoms. 
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Specific Aim 3.  

To determine the independent contributions of (a) stress appraisal and (b) anger 

on measures of CHF worsening. 

Hypothesis 3a: Patients with higher stress appraisal will exhibit, independent of 

state anger, higher rates of hospitalizations and death, reduced functional status, and 

greater CHF symptoms. 

Hypothesis 3b: Patients with higher levels of state anger will exhibit, independent 

of stress appraisal, higher rates of hospitalizations and death, reduced functional status, 

and greater CHF symptoms.  

  



 

12 

CHAPTER 2: Method 

PARTICIPANTS 

This study used a sample of 144 patients diagnosed with systolic CHF at the 

University of Maryland Medical Center (UMMC). Patients were eligible for inclusion in 

the study if they were 18 years of age or older, displayed a left ventricular ejection 

fraction equal to or less than 40%, and had exhibited a New York Heart Association 

Class II-IV functional status for at least three months. Patients that met any of the 

following criteria were excluded from the study: prior heart transplantation, clinically 

significant mitral valve disease, myocarditis in the past six months, thyroid dysfunction, 

implanted left ventricular assist device, alcohol abuse within the last six months, active 

cancer treatment, nursing home residency, and significant cognitive impairment. All 

participants were fully informed about the study and they provided written consent to 

participate. The study was approved by the IRBs of the Uniformed Services University of 

the Health Sciences and the UMMC. 

PROCEDURE 

Potential participants were initially identified by treatment providers and referred 

to the study. Interested individuals then scheduled a baseline visit. During the baseline 

visit the potential participants were informed about the study and screened for 

participation eligibility. If they were determined to be eligible, they then completed a set 

of baseline psychosocial questionnaires; their functional status, symptoms, and subjective 

health were assessed; and CHF biomarkers were obtained.  

After the baseline visit, participants were contacted once every two weeks over 

the course of a two and a half month time period for a total of five phone interviews. 
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Questionnaires were verbally administered during each phone interview and information 

about cardiovascular related hospitalizations (“adverse events”) since the previous phone 

call was collected. Hospitalization information was then independently verified through 

medical chart review. 

Participants scoring in the top or bottom 30 percent of the PSS distribution, 

approximately reflecting high (≥15) and low (≤9) stress scores, after a telephone 

interview were scheduled for a clinic assessment as soon as feasible (mean 4±3 days). 

Because the PSS is not a diagnostic tool with validated cutoffs (9), the scores were 

chosen a priori to ensure sampling of high and low tails of the PSS distribution and 

adequate numbers of participants at each assessment (8). Since participation in the two 

week clinic visits was based on previous phone interview PSS scores, participants 

differed in the number and timing of clinic assessments. During these clinic visits: self-

report measures of symptoms and CHF health status were obtained, objective functional 

status assessments were completed, and biomarkers were sampled. 

Three months following the baseline visit all participants repeated the same 

measures as at baseline, including psychosocial and health questionnaires, functional 

status assessment, and CHF biomarker sampling. 

A telephone interview was scheduled six months after the last clinic visit (nine 

months after the baseline visit). Changes in clinical status, including hospitalizations or 

death were recorded and subsequently verified via medical record review. If the 

participant had died, the spouse or next of kin was interviewed regarding the date and 

cause of death. The present data are from the first nine months of the study. 

MEASURES 
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Psychosocial Questionnaires 

Perceived Stress Scale (PSS) 

The 10-item PSS measures the generalized appraisal of stress over the past two 

weeks (9). This standardized instrument was developed to measure the extent to which an 

individual appraises events or situations in one’s life as stressful or being out of one’s 

control. The PSS has well-established reliability and validity, and has been used to 

measure stress in behavioral, epidemiological, and clinical research encompassing a wide 

range of samples and populations (2; 5; 8; 9; 29; 50). For example, in CAD patients, there 

is evidence that high stress appraisal measured with the PSS is an independent predictor 

of poor outcomes, including adverse events (2). Possible scores range from 0 to 40 with 

higher scores indicating a greater appraisal of psychosocial stress. 

State Trait Anger Expression Inventory-2 (STAXI-2)  

The STAXI-2 (67) is a 57-item questionnaire that measures state anger (15 items), 

trait anger (10 items), anger expression (16 items), and anger control (16 items). The state 

anger items ask how the respondent feels “right now” and the trait anger, anger 

expression, and anger control items ask how the respondent “generally” feels or reacts to 

things. The STAXI-2’s validity and reliability have been established in general 

populations and, with a Portuguese adaptation, in medical patient populations (3; 67). 

Respondents endorse statements, such as “I feel angry,” on a 4-point Likert scale that 

ranges from one (“almost never”) to four (“almost always”) for each item. 

Measures of Heart Failure Severity 

There are several ways that CHF severity can be assessed. These include 

measuring symptoms and self-reported health, objective assessment of functional status, 
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CHF biomarkers, hospitalizations, and cardiac events. These elements of CHF severity 

will be measured as follows: 

Kansas City Cardiomyopathy Questionnaire (KCCQ)  

The KCCQ is a 23-item scale used to measure symptoms and CHF health status 

(31). It has been validated to predict CHF exacerbations and mortality (34; 66). Patients 

indicate to what degree they were limited by CHF over the past two weeks. The KCCQ 

includes domain measures of CHF symptoms, CHF induced physical and social 

limitations, and self-efficacy and quality of life. The present analyses utilized the KCCQ 

summary score (KCCQ-Summary), which is derived from the domain scores. Scores 

range from 0-100, with higher values indicating less symptom burden and better health 

status.  

Six-Minute Walk Test (6MWT)  

The 6MWT is an objective measure widely used to quantify physical functional 

limitations among CHF patients (32). 6MWT scores consist of the distance the patient is 

able to walk on a level course for six minutes, with longer distances reflecting better 

functional status. The distance patients are able to walk is predictive of hospitalizations 

and mortality, and is related to CHF severity (1; 36). In the present study, across all clinic 

visits and participants, there were 658 potential 6MWT assessments, with 108 (16.4%) 

not performed or terminated early due to severe physical limitations. 

B-type Natriuretic Peptide (BNP) 

BNP is a hormone released by the walls of the left ventricle that plays a role in the 

body’s adaptive response to hemodynamic alterations, especially in CHF (11). BNP also 



 

16 

functions as a measure of left ventricular wall stretch. Increases in BNP have been found 

to be a strong predictor of functional status decline and it has been proposed that BNP be 

used to stratify patient risk (44). A controlled trial found that providing treatment guided 

by BNP levels led to reduced hospitalizations and deaths in CHF patients (39). At each 

clinic visit circulating levels of BNP were measured as a biomarker of CHF severity. 

Concentrations were determined at the UMMC Clinical Chemistry Research Lab using a 

fluorescence standardized immunoassay (Beckman Coulter Access II, Fullerton CA) with 

a lower limit of detection of 1 pg/mL. Because BNP is not normally distributed, it was 

logarithmically transformed for use in statistical analyses. 

Adverse Events: Hospitalization for CV Causes and Death  

As noted earlier, hospitalizations were assessed by patient self-report and 

subsequently verified via hospital record review. Hospitalizations were categorized into 

CHF or CV-related causes vs. hospitalizations for non-CV causes. CHF hospitalizations 

were classified as hospitalizations with a primary diagnosis of CHF exacerbation, 

characterized by a diagnosis of pump failure or fluid overload. CV-related 

hospitalizations were primarily characterized by a diagnosis of angina, myocardial 

infarction, ischemia or arrhythmia. Classification of hospitalization categories was 

determined by the treating physician and the emergency medical team. An “adverse 

event” variable was computed by determining, at each assessment, the number of CHF or 

CV-related hospitalization events, or death, occurring between that assessment and the 

subsequent assessment. Each patient was then assigned a “0” (no adverse event) or “n” 

(number of adverse events) for each of the seven time points. 

STATISTICAL ANALYSES 
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Exposure and Outcomes 

The exposure variables were the PSS and STAXI-2 scores measured at seven time 

points (baseline, phone interviews 1-5, and three month). The outcome variables were 

adverse events (dichotomized as: 0=no adverse events before next assessment; 1=at least 

1 adverse event before next assessment). Symptom status (KCCQ-Summary), functional 

status (6MWT), and the biomarker BNP were continuous outcomes measured at up to 

seven time points (baseline, clinic visits 1-5, and three month). 

Covariates 

Known predictors of CHF exacerbations (assessed at baseline) used in adjusted 

analyses were age, gender, BMI, income (as an index of socioeconomic status), New 

York Heart Association (NYHA) classification, ejection fraction, creatinine, and history 

of hypertension. Missing data for creatinine (n = 4) and income (n = 1) were imputed by 

using mean substitution for a small number of participants. 

Presentation of Results 

Data are presented as means and standard deviations, or N and percentages, as 

appropriate. BNP values were logarithmically transformed; untransformed values are 

presented to aid interpretation. Linear mixed models (LMM) using SAS PROC 

GLIMMIX (dichotomous outcomes) and PROC MIXED (continuous outcomes) were 

used for data analyses. LMM takes into account the dependence between participant 

observations and allows for different numbers of observations. We used a random 

(subject-specific) intercept and an autoregressive model of order 1 for the residuals 

within subjects (continuous outcomes). Time was entered as a continuous variable in all 

models. 
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We present “Baseline” analysis (association between the initial psychosocial 

measure at Baseline with outcome variables), followed by analysis of associations 

between psychosocial measures and outcomes using all available time points (referred to 

as “Assessment-level” analyses). In Assessment-level analyses, entered together in the 

models were: a Mean IV score computed by aggregating over all assessments for each 

subject (i.e., a subject-level variable), and a Deviation IV score (an assessment-level 

variable), computed as the difference between the IV score at each assessment and the 

patient’s own Mean IV score. An effect for Mean IV score would indicate a between-

subject association, and for Deviation IV score a within-subject association (33). 

Parameter estimates of associations between exposure and outcomes are reported 

as B (SE). Analyses were conducted both unadjusted and adjusted for medical covariates, 

i.e., age, sex, BMI, income, NYHA class, ejection fraction, creatinine, and hypertensive 

status. The exceptions to this were analyses for Hypothesis 3 (determining the 

independent contributions of stress appraisal and anger), for which medical covariates 

were not used. 
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CHAPTER 3: Results 

DESCRIPTIVE STATISTICS 

Sample demographic and medical characteristics are presented in Table 1, and the 

descriptive statistics for the study measures are summarized in Table 2. The total means 

and deviations from individual means for each participant are presented for state anger 

and perceived stress in Figure 1 and Figure 2, respectively. State anger had a positive 

skew (skewness = 3.77), but the size of our sample and the robustness of LMMs mean 

that this was likely not a significant issue, while PSS had a visibly more normal 

distribution. 

Between baseline and 9 months, 42 patients (29.2%) experienced at least 1 CV 

hospitalization (4 of these subsequently died), and 5 (3.5%) died without experiencing a 

prior CV hospitalization. Therefore, 47 patients experienced at least 1 adverse event.  

CORRELATIONS BETWEEN PSYCHOSOCIAL VARIABLES  

The correlations between the means of the psychosocial variables are summarized 

in Table 3. All three measures showed relatively strong intercorrelations. The lowest 

correlation was between state anger and trait anger. The highest correlation was between 

trait anger and PSS scores. 

ANALYSES OF INDIVIDUAL PREDICTORS 

State Anger  

Effects of state anger on adverse events (CV hospitalization or death) 

Using multiple assessments, the odds of an adverse event before the next 

assessment were not greater in patients with higher, compared to those with lower, mean 

state anger scores across assessments (unadjusted p = 0.30; adjusted p = 0.18; see Table 4 
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and Figure 3). Also, there was no within-subjects association between state anger and 

adverse events (unadjusted p = 0.62; adjusted p = 0.63). The (single) baseline state anger 

score was not associated with subsequent adverse events (unadjusted p = 0.59; adjusted p 

= 0.51). 

Effect of state anger on CHF symptoms and reported health status (KCCQ-Summary) 

Using multiple assessments, patients with higher, compared to lower, mean state 

anger scores had poorer CHF symptom status during the study (adjusted B = -1.23, SE = 

0.30, p < 0.001; see Figure 4). There was no within-subject association (unadjusted p = 

0.31; adjusted p = 0.30). Baseline state anger scores were associated with subsequent 

KCCQ scores (adjusted B = -0.45, SE = 0.18, p = 0.01). 

Effects of state anger on functional status (6MWT) and B-type natriuretic peptide 

(BNP) 

When using multiple assessments, there was no between-subject association 

(unadjusted p = 0.99; adjusted p = 0.61). There was, however, a within-subjects 

association (adjusted B = -2.41, SE = 1.21, p = 0.046) indicating that when a patient 

experienced higher than his/her average state anger level, the same patient demonstrated 

poorer functional status compared to when they reported lower than their average state 

anger level. Baseline state anger scores were not associated with subsequent 6MWT 

distances (unadjusted p = 0.53; adjusted p = 0.32). 

There were no associations between state anger scores and BNP levels in either 

between-subject (unadjusted p = 0.90; adjusted p = 0.36) or within-subject analyses 

(unadjusted p = 0.26; adjusted p = 0.27). 

Trait Anger  
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Effect of trait anger on dependent variables 

Baseline trait anger was not associated with subsequent adverse events 

(unadjusted p = 0.98; adjusted p = 0.94), baseline KCCQ scores (unadjusted p = 0.10; 

adjusted p = 0.09), baseline functional status (unadjusted p = 0.53; adjusted p = 0.55), or 

baseline BNP (unadjusted p = 0.31; adjusted p = 0.47). 

Stress Appraisal  

Effects of stress on adverse events (CV hospitalization or death) 

Using multiple assessments, the odds of an adverse event before the next 

assessment were greater in patients with higher, compared to those with lower, mean PSS 

scores across assessments (unadjusted: B = 0.10, SE = 0.03, p = 0.001, OR = 1.11, 95% 

CI = 1.04, 1.18; adjusted: B = 0.10, SE = 0.03, p = 0.001, OR = 1.11, 95% CI = 1.05, 

1.18; see Table 5 and Figure 3). The baseline PSS score was not associated with 

subsequent adverse events (unadjusted p = 0.09; adjusted p = 0.17). 

In contrast, there was no within-subjects association between stress and adverse 

events (unadjusted p = 0.95; adjusted p = 0.89). This indicates that at any assessment 

(baseline, phone interviews 1-5, or 3 month), when a patient reported higher stress level 

compared to his/her average, there was no change in the likelihood of experiencing an 

imminent adverse event. (See Table 2 for a summary of associations between exposure 

and study outcomes). 

Effect of stress on CHF symptoms and reported health status (KCCQ-Summary)  

Using multiple assessments, patients with higher, compared to lower, mean PSS 

scores had poorer CHF symptom status during the study (adjusted B = -1.61, SE = 0.17, p 

< 0.001; see Figure 4). There was also a robust within-subject association (adjusted B = -
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0.26, SE = 0.08, p = 0.001), indicating that when a patient experienced higher, compared 

to lower, than his/her average stress level the same patient experienced worsened CHF 

symptom status. Baseline PSS scores were associated with subsequent KCCQ scores 

(adjusted B = -0.45, SE = 0.15, p = 0.004). 

Effects of stress on functional status (6MWT) and B-type natriuretic peptide (BNP) 

When using multiple assessments, there was no between-subject association 

between PSS scores and functional status (unadjusted p = 0.38; adjusted p = 0.07). There 

was, however, a robust within-subjects association (adjusted B = -3.30, SE = 1.00, p = 

0.001) indicating that when a patient experienced higher than his/her average stress level, 

the same patient demonstrated poorer functional status compared to when they reported 

lower than their average stress level. Baseline PSS scores were not associated with 

subsequent 6MWT distances (unadjusted p = 0.17; adjusted p = 0.40). 

There were no associations between PSS scores and BNP levels in between-

subject (unadjusted p = 0.96; adjusted p = 0.74), within-subject (unadjusted p = 0.59; 

adjusted p = 0.56), or baseline analyses (unadjusted p = 0.77; adjusted p = 0.48). 

ANALYSES OF INDEPENDENT CONTRIBUTIONS OF STRESS AND ANGER 

In order to determine the independent contributions of state anger and stress 

appraisal, multivariable analyses were conducted by controlling for state anger by 

matching it with each level (e.g. baseline, mean, and deviation) of PSS, and vice versa. 

When controlling for state anger, PSS scores were still significantly associated 

with between-subject adverse events (B = 0.12, SE = 0.03, p = 0.001), between-subject 

KCCQ (B = -1.57, SE = 0.20, p < 0.001; see Figure 5), within-subject KCCQ (B = -0.24, 
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SE = 0.08, p = 0.003), baseline KCCQ (B = -0.30, SE = 0.15, p = 0.04), and within-

subject 6MWT (B = -2.94, SE = 1.02, p = 0.004; see Table 5). 

When controlling for PSS, state anger’s associations with between-subject KCCQ 

(p = 0.81; see Figure 5), baseline KCCQ (p = 0.09), and within-subject 6MWT (p = 0.14) 

became non-significant (see Table 4).  
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TABLES 

Table 1. Baseline Socio-demographic and Clinical Characteristics (N = 144) 

Variable Mean ± SD or % 

Age (yrs) 57.51± 11.52 

Male sex (%) 77.0 

Race 

  Caucasian (%) 

  African American (%)  

  American Indian (%) 

 

29.2 

70.1 

0.7 

BMI (kg/m2) 30.87 ± 7.50 

Ejection fraction (%) 23.10 ± 7.48 

Smoking 

  yes (%) 

  no (%) 

 

27.2 

72.8 

Systolic BP (mm/Hg) 121.05 ± 19.32 

Creatinine (mg/dL) 1.38 ± 0.71 

Hypertension 

  yes (%) 

  no (%) 

 

79.2 

20.8 

NYHA class  

  II (%) 

  III (%) 

  IV (%) 

 

54.9 

43.1 

2.1 

Income $ 

  <15k (%) 

  15-30k (%) 

  30-70k (%) 

  >70k (%) 

 

34.3 

26.6 

30.1 

9.1 

Employment status 

  full time (%) 

  part time (%) 

  disabled (%) 

  unemployed (%) 

  retired (%)   

 

14.6 

7.6 

51.4 

4.9 

21.5 

 

Note. BMI = body mass index; BP = blood pressure; NYHA = New York Heart 

Association. 
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Table 2. Summary Statistics of Exposure and Outcome Variablesa 

 

Time  Base PA1 PA2 PA3 PA4 PA5 3 mo. 

Measureb  N=144 N=137 N=129 N=125 N=125 N=126 N=126 

        

PSS  13.16 

(8.36) 

12.00 

(8.22) 

12.29 

(8.13) 

10.94 

(7.35) 

11.62 

(7.91) 

10.08 

(7.71) 

10.04 

(7.91) 

State Anger 16.78 

(5.39) 

18.02 

(6.59) 

18.02 

(6.28) 

16.47 

(4.32) 

17.16 

(6.37) 

17.18 

(6.59) 

16.70 

(5.40) 

Likelihoodc of 

Adverse Event 

(%) 

5.00 2.96 5.56 1.61 4.80 2.46 27.97 

 

Note. PSS = Perceived Stress Scale; State Anger = STAXI-2 State Anger Score; Base = Baseline; PA = phone assessment interview. 

Possible range of scores for PSS are 0 – 40, for State Anger are 15-60, and for KCCQ are 0 - 100. Lower KCCQ scores indicate less 

HF symptom burden and better health status. 
aData for PSS and State Anger are Means (SD).  
bN’s reflect number of participants attending each visit and providing PSS data (total of 912 assessments). Since different numbers of 

participants were asked to attend each clinic visits, N’s for KCCQ, 6MWT, and BNP differ following PA1 through PA5; N’s for 

KCCQ range from 72-143; N’s for 6MWT range from 60-130; N’s for BNP range from 64-140; N’s for events range from 118-140. 
cLikelihood of adverse events is reported as percentage of participants that experienced at least one adverse event (CV hospitalization 

or death) before the subsequent assessment.  
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Table 3. Correlations between Subject Means at Baseline 

 

 

 

 
 

Note. PSS = Perceived Stress Scale; State Anger = STAXI-2 State Anger Score; Trait 

Anger = STAXI-2 Trait Anger Score. 

 

 PSS State Anger 

State Anger .51 - 

Trait Anger .57 .39 
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Table 4. Associations between State Anger and Outcomes Variables 

 
Table 

Analysis Type 

 

Covariates 

 

Exposureb 

                                

                                      Outcomesa 

   Adverse 

Event 

KCCQ 

 

6MWT BNP 

       

Baselinec Unadjusted Baseline State 

Anger 

0.019 -0.42* 1.32 -0.01 

   (0.036) (0.17) (2.09) (0.01) 

 Adjustede Baseline State 

Anger 

0.022 -0.45* 2.07 -0.01 

   (0.033) (0.18) (2.08) (0.01) 

 Adjusted PSSg Baseline State 

Anger 

0.001 -0.31 0.42 -0.01 

   (0.030) (0.18) (2.21) (0.01) 

Assessment-Leveld Unadjusted Mean State 

Angerf 

0.044 -1.23*** -0.06 0.003 

   (0.042) (0.30) (5.42) (0.02) 

 Adjusted Mean State Anger 0.054 -1.30*** -2.42 0.017 

   (0.041) (0.29) (4.69) (0.018) 

 Adjusted PSS Mean State Anger 0.037 -0.07 3.29 0.003 

   (0.05) (0.29) (6.57) (0.03) 

 Unadjusted Deviation State 

Angerf 

-0.022 -0.10 -2.55* 0.006 

   (0.044) (0.10) (1.21) (0.006) 
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 Adjusted Deviation State 

Anger 

-0.022 -0.10 -2.41* 0.006 

   (0.045) (0.10) (1.21) (0.006) 

 Adjusted PSS Deviation State 

Anger 

0.035 -0.05 -1.83 0.006 

   (0.05) (0.10) (1.22) (0.006) 

 

Note. State Anger = STAXI-2 State Anger Score, KCCQ = Kansas City Cardiomyopathy Questionnaire-summary score, 6MWT = 

Six-Minute Walk Test, BNP = B-type natriuretic peptide (natural log values used), PSS = Perceived Stress Scale. 
aOutcomes are cardiovascular hospitalization or death (adverse events) occurring after each assessment (baseline, phone interview 1-5 

and 3 month), and KCCQ summary score, 6MWT distance walked and BNP level at each assessment (baseline, clinic visit 1-5, and 3 

month) (see text for details). Values are parameter estimates B (SE) from linear mixed models. 
bExposure refers to the Baseline State Anger score, Mean State Anger score, and Deviation State Anger score for their respective 

analyses. (See text for details).  
cFor the Baseline analyses, the baseline score of respective outcomes (except adverse event) were included in models. 
dAssessment-Level refers to linear mixed model analyses using all available data. 
eAdjusted analyses include the following covariates: age, sex, BMI, income, NYHA class, ejection fraction, creatinine and 

hypertensive status (parameter estimates for time or covariates not shown).  
fMean State Anger scores and Deviation State Anger scores are entered concurrently (see text). All models include time as a within-

subject variable.  
gAnalysis included only PSS as a covariate. 

*p < .05, ** p < .01, *** p < .001.  
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Table 5. Associations between Perceived Stress and Outcomes Variables 

 
Table 

Analysis Type 

 

Covariates 

 

Exposureb 

                                

                                      Outcomesa 

   Adverse 

Event 

KCCQ 

 

6MWT BNP 

       

Baselinec Unadjusted Baseline PSS 0.03 -0.37* 2.06 0.002 

   (0.03) (0.14) (1.46) (0.006) 

 Adjustede Baseline PSS 0.02 -0.45** 1.24 0.003 

   (0.03) (0.15) (1.49) (0.006) 

 Adjusted State 

Angerg 

Baseline PSS 0.03 -0.30* 1.91 0.004 

   (0.22) (0.15) (1.54) (0.006) 

Assessment-Leveld Unadjusted Mean PSSf 0.10** -1.59*** -2.75 0.000 

   (0.03) (0.17) (3.16) (0.015) 

 Adjusted Mean PSS 0.10** -1.61*** -5.01 0.004 

   (0.03) (0.17) (2.77) (0.013) 

 Adjusted State 

Anger 

Mean PSS 0.12** -1.57*** -3.79 0.000 

   (0.03) (0.20) 3.82 (0.02) 

 Unadjusted Deviation PSSf 0.00 -0.25*** -3.26** 0.003 

   (0.03) (0.08) (1.00) (0.005) 
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 Adjusted Deviation PSS 0.00 -0.26*** -3.30*** 0.003 

   (0.03) (0.08) (1.00) (0.005) 

 Adjusted State 

Anger 

Deviation PSS 0.1 -0.24** -2.94** 0.001 

   (0.03) (0.08) (1.02) (0.005) 

 

Note. PSS = Perceived Stress Scale, KCCQ = Kansas City Cardiomyopathy Questionnaire-summary score, 6MWT = Six-Minute 

Walk Test, BNP = B-type natriuretic peptide (natural log values used), State Anger = STAXI-2 State Anger Score. 
aOutcomes are cardiovascular hospitalization or death (adverse events) occurring after each assessment (baseline, phone interview 1-5 

and 3 month), and KCCQ summary score, 6MWT distance walked and BNP level at each assessment (baseline, clinic visit 1-5, and 3 

month) (see text for details). Values are parameter estimates B (SE) from linear mixed models. 
bExposure refers to the Baseline PSS score, Mean PSS score, and Deviation PSS score for their respective analyses. (See text for 

details).  
cFor the Baseline analyses, the baseline score of respective outcomes (except adverse event) were included in models. 
dAssessment-Level refers to linear mixed model analyses using all available data. 
eAdjusted analyses include the following covariates: age, sex, BMI, income, NYHA class, ejection fraction, creatinine and 

hypertensive status (parameter estimates for time or covariates not shown).  
fMean PSS scores and Deviation PSS scores are entered concurrently (see text). All models include time as a within-subject variable.  
gAnalysis included only State Anger as a covariate. 

*p < .05, ** p < .01, *** p < .001.  
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FIGURES 

 

 

Figure 1. Mean PSS & mean STAXI-2 scores aggregated across participants and time points. 
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Figure 2. Deviation of PSS & STAXI-2 scores at each time point from each participant’s total mean across time points. 
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Figure 3. Correlations between Adverse Events and unadjusted mean PSS or mean STAXI-2 score across all time points. 

*p < .01.  
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Figure 4. Correlations between KCCQ score and unadjusted mean PSS or mean STAXI-2 score across all time points. 

*p < .01. 
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Figure 5. Correlations between KCCQ score and mean PSS (adjusted for STAXI-2) or mean STAXI-2 (adjusted for PSS) score across 

all time points. 

*p < .01.  
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CHAPTER 4: Discussion 

SUMMARY OF RESULTS 

The results of the present study indicate that state anger was independently 

associated with functional status, but not adverse events or BNP. PSS was associated 

with adverse events, in addition to functional status, but not BNP. When PSS was 

adjusted for in analyses with state anger, state anger became non-significant. Conversely, 

when state anger was adjusted for in the analysis of PSS, PSS retained its significance.  

The results of this study are partially consistent with the proposed hypotheses. 

Hypothesis 1 was that patients with higher levels of state anger would exhibit higher rates 

of hospitalizations and death, reduced functional status, and greater CHF symptoms. This 

hypothesis was partially supported, since patients with higher anger did exhibit reduced 

functional status and higher symptoms. Hypothesis 2 was that patients with higher stress 

appraisal would exhibit higher rates of hospitalizations and death, reduced functional 

status, and greater CHF symptoms. This hypothesis was fully supported by the analysis 

results. Hypothesis 3a was that patients with higher stress appraisal would exhibit, 

independent of state anger, higher rates of hospitalizations and death, reduced functional 

status, and greater CHF symptoms. This hypothesis was fully supported by the analysis 

results. Hypothesis 3b was that patients with higher levels of state anger would exhibit, 

independent of stress appraisal, higher rates of hospitalizations and death, reduced 

functional status, and greater CHF symptoms. This hypothesis was not support by the 

analysis results. 
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Anger and Hospitalizations 

Our finding that state anger does not predict short-term cardiac hospitalizations or 

death is not consistent with other studies indicating a relationship between short-term 

anger episodes and various manifestations of coronary heart disease. A study by Ironson 

et al (35) found that anger acted as a significant stressor that led to reduced left 

ventricular ejection fraction, indicative of ischemia. A case-crossover study by Mittleman 

et al (55) found that participants had an increased risk of experience a myocardial 

infarction in the two hours following an outburst of anger. A study by Lampert et al (48) 

found that heightened anger was significantly associated with the 0-15 minute period 

before receiving a shock in a sample of patients with implantable cardioverter-

defibrillators. A meta-analysis of studies examining the association between outbursts of 

anger and cardiovascular events produced evidence that incidence of acute coronary 

syndrome and myocardial infarction increased 2.4-7.3 fold within two hours after an 

anger outburst (58).  

There are some notable differences between this study and previous ones 

examining cardiovascular disease and short-term anger. Many of the extant studies 

looked at only specific cardiac events, such myocardial infarction, compared to our wider 

analysis of hospitalization and death events, which gives a better sense of healthcare 

system impact. We are not aware of any other studies examining state anger and 

hospitalizations, so a direct comparison of results cannot be made. Previous studies have 

also often relied on retrospective self-report of anger prior to a cardiovascular event. The 

accuracy of those self-reports may be confounded by the general public commonly 

accepting the link between anger and cardiac events. Thus, a patient may have been 

experiencing a more mild level of anger before a cardiac event, but subsequently believes 
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that it must have been a severe level of anger, since it led to the cardiac event, and will 

report it as such. Our study avoided this potential confound by using a measure of state 

anger that has no retrospective element.    

As a further contrast, studies looking at anger as a trait and examining longer-term 

consequences suggest that there is a complex relationship between trait forms of anger 

and heart disease outcomes. For example, Jenner et al (37) found that trait anger was not 

associated with the number of hospital readmissions among a sample of CHF patients, 

but it was associated with the length of their hospital stays. A study conducted using the 

same Project BETRHEART dataset by Keith et al (43) found that trait measures of 

outward anger expression, trait anger, and the latent construct of hostility were all 

predictive of all cause hospitalizations. Kawachi et al (41) found that men with greater 

difficulty controlling their anger were more likely to experience adverse coronary events. 

Additionally, a meta-analysis by Chida and Steptoe (7) found that greater anger was 

associated with adverse events in both healthy and CHD populations. Conversely, Eng et 

al (20) found that men exhibiting moderate levels of anger expression were less likely to 

experience a myocardial infarction than men exhibiting low levels of anger expression. 

Also, when using clinical interviews to identify patients as exhibiting a destructive or 

constructive anger style, Davidson and Mostofsky (14) found that highs levels of 

destructive anger were associated with increased risk of developing CHD, while high 

levels of constructive anger were associated with reduced risk of developing CHD, in 

men only. Therefore, our own findings and previous mixed findings regarding anger and 

adverse outcomes may be due in part to self-report measures lacking sufficient metrics 

for constructive and destructive anger. 
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Our study differed from these studies in significant ways. Our selection of 

measures and analyses emphasized short-term state anger and time point to time point 

fluctuations in experience of anger. In contrast, many of these previous studies looked at 

more stable tendencies toward experiencing anger and had longer-term outcomes. 

Previous trait anger studies have also often emphasized the risk of developing a disease, 

while our study examined CHF patients and risk of hospitalization or death. Finally, it is 

noteworthy that our finding of no association between hospitalizations and state anger 

matches the finding for trait anger from the study by Jenner et al (37). They also found 

that trait anger was associated with length of hospital stays. We did not test for an 

association between state anger and length of hospital stay, which could be one future 

direction for this research. 

Stress and Hospitalizations 

In contrast to anger, perceived stress was related to hospitalizations and death, 

even when controlling for state anger. There are limited studies to which this result can 

be compared. There is evidence that major stressful events, such as earthquakes and 

missile attacks, may lead to increased incidence of cardiac events (40; 51). Psychological 

stress is also known to be able to indirectly affect CHF, by negatively influencing a 

number of the factors that are predictive of CHF prognosis and hospitalizations (69). 

However, very few studies have evaluated whether psychological stress is a direct 

predictor of adverse clinical outcomes in CHF (23). Much of the existing research on 

stress and CHF is limited to retrospective studies of emergency room admissions for CHF 

or to laboratory acute stress studies. Some of those studies do, however, point to stress 

having a deleterious impact on CHF, which is in-line with the present findings (54; 76). 
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Finally, some may wonder about the directionality of the relationship between stress and 

hospitalizations, such as whether hospitalizations cause increased stress, as opposed to 

increased stress causing more hospitalizations. The study by Endrighi et al (19), which 

used the same dataset as this study, addressed that question and found evidence for both 

increases in stress being related to subsequent hospitalizations and hospitalizations being 

related to subsequent increases in stress. 

Symptoms and Walk Test Results 

This study’s results indicated that, with respect to the symptom and functional 

status measures, anger was associated with symptoms at the between subject level and 

functional status at the within subject level. However, when controlling for perceived 

stress, these relationships disappeared, indicating that there is an overlap between state 

anger and perceived stress in regards to their influence on these measures. An element of 

this relationship that should be considered is that an individual can clearly feel 

psychological stress, but not feel angry. On the other hand, it is possible that one cannot 

feel angry without experiencing some degree of concomitant stress. State anger having 

some contribution to these measures may indicate that they are more behavioral and are 

more susceptible to being impacted by a patient’s present mood state. Previous research 

has provided evidence that depression is associated with worsened 6MWT performance 

in CHF patients (45). It is interesting that anger, which is usually thought of as an 

activating emotion, would be associated with worsened physical performance. The 

mechanisms for this association are unclear, but it could potentially be due to factors like 

distraction, lack of motivation, or intentional poor performance during the walk test. For 

example, individuals who are angrier may be less willing to exert effort on the walk test. 
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Hospitalizations and death, on the other hand, were only associated with 

perceived stress, which may indicate that perceived stress captures a more biological 

component of the mechanisms of CHF. A possible explanation for this connection is that 

the PSS captures a longer time span than the state anger component of the STAXI-2, 

which could better encapsulate how activated an individual’s physiological systems have 

needed to be in response to psychological stressors. It is also possible that, with respect to 

short term heart failure hospitalizations, perceived stress simply has a more deleterious 

effect on this outcome than state anger. 

Another BETRHEART dataset study conducted by Keith (42) found no 

association between hospitalizations or symptoms and the higher order construct of 

Negative Affect, which was composed of state and trait anger, total stress, hostility, state 

and trait anxiety, and total depression. The difference in results between the present study 

and Keith’s could indicate that there are important differences between the more short-

term outcomes of this study (9 months) and the longer-term outcomes of their study (39 

months). It could also be that the heavier loading of trait measures in Keith’s construct of 

Negative Affect could have different predictive characteristics than this study’s emphasis 

on state measures. Finally, the difference of using linear mixed models versus structural 

equation modeling may in part account for the divergent results. 

BNP Results 

Across all analyses state anger and perceived stress had non-significant 

associations with plasma BNP, which acts as an indicator of left ventricular wall stretch. 

These results may indicate that experiencing stress or state anger did not consistent lead 

to sustained, intense hemodynamic effects in our sample. Consequently, the relationships 
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that were significant between our IVs and DVs can likely not be explained as occurring 

purely due to the hemodynamic consequences of stress and anger. 

Anger vs. Stress 

There is currently a surprising lack of research regarding the possible relationship 

between state anger and perceived stress. Consequently, it is difficult to develop an 

empirically informed theory regarding how state anger and perceived stress interact. 

Some studies have found that anger was a significant predictor of cardiovascular 

worsening, which contrasts with our finding that state anger became non-significant when 

controlling for stress. Given that all of the significant associations between state anger 

and CHF status became non-significant when controlling for perceived stress, it appears 

possible that the effects of state anger may operate in some way through state anger’s 

associations with perceived stress.  

There are several possible mechanisms that may explain these relationships. One 

possible explanation for other studies finding anger to be significant is that many of those 

studies do not sufficiently differentiate between stress and anger or they lack comparative 

analyses like those that we conducted. It is also important to note that our measure of 

stress looked more at appraisal of events. Whereas, our measure of state anger capture 

more of an individual’s response to events. It is possible that a person’s appraisal versus 

response tendencies in reaction to events play a more significant role in our findings than 

just the difference between stress and anger. It is also possible that the observed CHF 

outcomes could be due primarily to physiological responses, such as HPA-axis activity. 

Consequently, perceived stress could have a stronger association simply due to the fact 

that it was measured over a longer time span (two weeks) than state anger, which was 
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based on how the respondent felt at the time of the assessment. The physiological, 

psychological, or behavioral changes that may be co-occurring with perceived stress and 

state anger that could explain the pattern of results this study produced remain to be 

determined. 

Limitations 

The limitations of this study should also be factored into considerations of its 

results. Only individuals who reported perceived stress scores that were in the top or 

bottom third of the sample completed the six-minute walk test and KCCQ during the bi-

weekly assessment period. Therefore, it is possible that the effects of perceived stress do 

not apply across the entire range of PSS scores. Additionally, the two week timeframe 

between phone assessments may have been too long a period to fully capture 

participants’ experiences of state anger during the assessment phase of the study. This 

study also obtained a sample of participants that were somewhat different from those 

used for most studies in this research area. Our participants were primarily African-

American and of lower SES. They were also of a somewhat younger average age and had 

a higher prevalence of non-ischemic heart failure than most other CHF study samples. It 

is notable that there is evidence to suggest that the prognosis of patients with non-

ischemic CHF is often better than for patients with ischemic CHF (24). Due to the above 

stated reasons, the results from our sample may not generalize to all populations. 

CLINICAL/SCIENTIFIC IMPLICATIONS AND FUTURE DIRECTIONS  

Based on these results, it is possible that treatments targeting stress, as opposed to 

anger, may provide greater benefit in heart failure patients for reducing short-term 

hospitalizations and symptoms and improving functional status. Treating anger in 
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combination with treating stress may also increase the benefit for reducing symptoms and 

improving functional status, especially in patients who report experiencing frequent high 

levels of anger. 

In addition, since the present study examined only cardiac hospitalizations and not 

short-term hospitalizations, it would be important to determine whether stress and anger 

are predictive of all-cause hospitalizations in the short-term. 

These results also raise issues with the approach of looking at a single 

psychosocial risk factor used in many previous studies. Other studies may miss the 

overlap that can occur between psychosocial risk factors, such as that found between 

perceived stress and state anger in this study. This issue in the literature has been raised 

before by Suls and Bunde (71). Consequently, more research should be done that 

simultaneously examines multiple psychosocial risk factors, such as anger, depression, 

anxiety, and stress, each of which has been extensively studied in relation to 

cardiovascular disease. A specific future direction for this research could be exploring 

what unique and combined contributions anger, stress, anxiety, and depression have to 

CHF outcomes. 

CONCLUSION 

CHF is a chronic disease that produces high rates of recurrent hospitalizations, 

reduces quality of life, and leads to high mortality rates. It produces a heavy burden both 

on the individual patients and on healthcare systems. Significant research has been 

conducted on the biological and psychological risk factors for cardiovascular disease. 

However, there have been few prospective studies in patients with CHF examining the 

relationship of state anger and perceived stress to short-term outcomes. We found that 
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state anger was independently associated with functional status, but not adverse events. 

PSS was associated with adverse events, in addition to functional status. When PSS was 

adjusted for in analyses with state anger, state anger became non-significant. Conversely, 

when state anger was adjusted for in the analysis of PSS, PSS retained its significance. A 

tentative conclusion from this study is that you can take the anger out of being stressed, 

but you can’t take the stress out of being angry. 
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