
ABSTRACT 
 

Cynical Hostility Relates to a Lack of Habituation of the Cardiovascular Response to 
Repeated Acute Stress 

 
Alexandra T. Tyra M.A. 

Mentor: Annie T. Ginty, Ph.D. 
 

       
Hostility is associated with cardiovascular disease risk. Heightened cardiovascular 

reactivity (CVR) to psychological stress has been proposed as a mechanism. Recent work 

has emphasized a need to measure CVR across multiple stress exposures to assess 

potential adaptation over time. In the current study, 196 participants completed 2 separate 

laboratory sessions, consisting of a 20-minute baseline and 15-minute stressor. Heart rate 

(HR) and systolic/diastolic blood pressure (SBP/DBP) were recorded throughout. 

Reactivity was calculated separately for HR, SBP, and DBP (stress – baseline). 

Participants also completed the Cook-Medley Hostility Scale. Results indicated that 

greater cognitive hostility (i.e., cynicism) was associated with blunted CVR at Visit 1 and 

less CVR habituation between visits, even when controlling for confounding variables. 

No significant relationships were found for emotional or behavioral hostility. These 

results identify a potential pathway through which hostility contributes to disease risk. 

This study utilized previously collected data from the Pittsburgh Cold Study 3.
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CHAPTER ONE 
 

Introduction 
 
This chapter is currently under review as part of the following manuscript: Tyra, A.T., 
Brindle, R.C., Hughes, B.M., & Ginty, A.T. (under review). Cynical hostility relates to a 

lack of habituation of the cardiovascular response to repeated acute stress. 
Psychophysiology 

 
 

Hostility and Cardiovascular Health 
 

Hostility has been associated with poor health outcomes, such as coronary heart 

disease (for reviews see Chida & Steptoe, 2009; Miller, Smith, Turner, Guijarro, & 

Hallet, 1996), carotid atherosclerosis (Everson-Rose et al., 2006; Pollitt et al., 2005), 

metabolic syndrome (Goldbacher & Matthews, 2007), and all-cause mortality (Klabbers, 

Bosma, van den Akker, Kempen, & van Eijk, 2013). A multidimensional construct, 

hostility is often defined as consisting of three components: emotional, cognitive, and 

behavioral (Buss, 1961; Spielberger et al., 1985). Research has emphasized a need to 

individually assess the components of hostility to determine which one may be the most 

predictive of poor health outcomes (Barefoot, Dodge, Peterson, Dahlstrom, & Williams, 

1989; Siegman, Dembroski, & Ringel, 1987). Indeed, prior research has demonstrated 

that each of these components are related to cardiovascular and immune-related disease 

outcomes (e.g., Finney, Stoney, & Engebretson, 2002; Janicki-Deverts, Cohen, & Doyle, 

2010; Lahad, Heckbert, Koepsell, Psaty, & Patrick, 1997; Why & Johnston, 2008). 

Particular emphasis has been placed on the cognitive component (i.e., cynicism) and 

cardiovascular disease (e.g., Arthur, 1998; Assari, 2016; Chaput et al., 2002; Jennings, 

Pardini, & Matthews, 2017; Julkunen, Salonen, Kaplan, Chesney, & Salonen, 1994; 
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Šmigelskas, Joffė, Jonynienė, Julkunen, & Kauhanen, 2017; Wong, Sin, & Whooley, 

2014). Additionally, while the literature is more or less in agreement that greater hostility 

is associated with adverse health outcomes, specifically cardiovascular disease risk, the 

mechanisms behind this relationship remain unclear. 

 
Hostility and Cardiovascular Reactivity 

 
It has been proposed that exaggerated CVR during stress may be one mechanism 

that could explain the association between hostility and cardiovascular disease risk 

(Williams, 1987). According to this hypothesis, individuals with high-hostility profiles 

are more likely to experience heightened CVR to psychological stress and as a result are 

more vulnerable to cardiovascular disease. Indeed, exaggerated CVR to stress has been 

implicated in cardiovascular disease risk, including hypertension (Carroll, Phillips, Der, 

Hunt, & Benzeval, 2011; Chida & Steptoe, 2010), atherosclerosis (Barnett, Spence, 

Manuck, & Jennings, 1997), and cardiovascular disease mortality (Carroll et al., 2012). 

However, research examining the associations between hostility and CVR has produced 

mixed results. Most studies support the association between high hostility and 

exaggerated CVR (Fredrickson et al., 2000; Gump, Matthews, & Räikkönen, 1999; 

Jamner, Shapiro, Goldstein, & Hug, 1991; Lepore, 1995; Powch & Houston, 1996; 

Shapiro, Goldstein, & Jamner, 1995; Suls, 2013; Vögele, 1998) but, some report no 

association (Sallis, Johnson, Trevorrow, Kaplan, & Hovell, 1987), and one study 

demonstrated higher levels of hostility and lower CVR (Carroll, Smith, Sheffield, 

Shipley, & Marmot, 1997). A meta-analysis including 281 studies, all of which examined 

either hostility, aggression, or Type-A behavior, found significant associations between 

higher levels of these traits and exaggerated CVR to stress (Chida & Hamer, 2008). 
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Potential explanations for inconsistencies in the literature may be the type of stressors 

utilized (social versus nonsocial; Suls & Wan, 1993) as well as potential moderating 

variables, such as race (Assari, 2016; Finney et al., 2002), and gender (Girdler, Jamner, & 

Shapiro, 1997; Lawler, Harralson, Armstead, Schmied, 1993; Smith & Gallo, 1999; 

Suarez, Kuhn, Schanberg, Williams, & Zimmermann, 1998; Suarez & Williams, 1990; 

Suarez & Williams, 1989). Another potential explanation for inconsistencies could be the 

measurement of hostility, with some studies focusing on total score (e.g., Jamner et al., 

1991; Hughes, 2007) and others focusing on various subcomponents (e.g., Gump et al., 

1999; Lepore, 1995; Why & Johnston, 2008).  

 
Adaptations of Cardiovascular Reactivity 

 
A recent review proposed that CVR research should examine the adaptation 

pattern of cardiovascular responses to repeated exposure to the same stress task, and how 

such adaptation patterns relate to health outcomes (Hughes, Lü, & Howard, 2018). The 

authors suggest that the initial upsurge in the cardiovascular response to stress is actually 

beneficial in that it provides the opportunity for necessary physiological changes, such as 

fight-or-flight preparation. If such heightened initial CVR is part of an overall short-

lasting cardiovascular response, then long-term health consequences are deemed unlikely. 

In other words, the ability to habituate the cardiovascular response to stress, in which 

subsequent stress exposures elicit lessened CVR, is proposed to be adaptive by 

preventing continuous strain on the cardiovascular system and thus reducing risk for 

disease. Alternatively, the potential for long-term health consequences arises when high 

CVR is non-adaptively prolonged across multiple stress exposures (Hughes et al., 2018). 

Considerable research has documented the occurrence of CVR habituation to acute 
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psychological stress in the laboratory (al’Absi et al., 1997; Frankish & Linden, 1991; 

Kelsey et al., 1999; Schommer, Hellhammer, & Kirschbaum, 2003). Additionally, 

individual differences in psychosocial variables relate to different adaptation patterns. For 

example, neuroticism (Hughes, Howard, James, & Higgins, 2011), rumination (Johnson, 

Lavoie, Bacon, Carlson, & Campbell, 2012), and dominance (Lee & Hughes, 2014) are 

associated with diminished CVR habituation, while repressive coping (Howard, Myers, 

& Hughes, 2017), openness (Lü, Wang, & Hughes, 2016a), resilience (Lü, Wang, & You, 

2016b), and extraversion (Lü & Wang, 2017) are related to enhanced CVR habituation. 

Given such findings, Hughes and colleagues (2018) argue that future research should 

extend traditional CVR laboratory stress protocols to include multiple stress exposures of 

the same stress task. They also suggest utilization of secondary analysis of pre-existing 

datasets that include multiple stress exposures.  

 
Hostility and Habituation of Cardiovascular Reactivity 

 
Interestingly, little research has examined the relationship between hostility and 

CVR across multiple stress exposures and hardly any research has examined the possible 

relationship to physiological habituation. One study with a mixed-gender sample found 

that high-hostile university students displayed significant CVR habituation (only for 

DBP, not SBP or HR) to a cognitive stress task, while low-hostile university students did 

not (Hughes, 2007). The findings of this study are contrary to those of previously 

mentioned studies, in which “negative” personality traits (e.g., neuroticism, dominance) 

impaired habituation and “positive” traits (e.g., openness, resilience) supported 

habituation (e.g., Hughes et al., 2011; Lee & Hughes, 2014; Lü et al., 2016a; Lü et al., 

2016b). It should be noted that the stress task utilized in the study was an asocial, 
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computerized, visual tracking task (Hughes, 2007). Given prior research emphasizing the 

important role of socially-induced stress in the relationship between hostility and 

heightened CVR (Suls & Wan, 1993), it is possible that a social stress task may produce 

different findings.  

The aims of the current study were to 1) examine the individual association 

between each of the three main components of hostility (i.e., emotional, cognitive, and 

behavioral) and CVR during two separate laboratory psychological stress testing visits 

involving social evaluation and 2) examine the association between hostility and CVR 

habituation. Based on previous research (e.g., Barefoot et al., 1989; Lahad et al., 1997; 

Lepore, 1995) it was hypothesized that higher levels of emotional, cognitive, and 

behavioral hostility would each be associated with greater CVR at both testing visits. 

With regards to the relationship between hostility and habituation, the current study 

followed the theoretical approach of Hughes and colleagues (2018), as well as the 

majority findings of previous research examining the relationship between other 

“negative” personality traits and habituation (e.g., Hughes et al., 2011; Lee & Hughes, 

2014). As such, the current study hypothesized that higher levels of each component of 

hostility would be associated with less CVR habituation.



 6 

 
 
 

CHAPTER TWO 
 

Review of Literature 
 
 

An Introduction to Hostility 
 

Similar to most concepts in personality research, hostility has been defined and 

measured in a variety of different ways (for reviews see Chida & Steptoe, 2009; Miller et 

al., 1996). It is a complex concept that is easily influenced by other individual 

characteristics, as well as environmental and situational contexts (Barefoot, 1992; Smith 

& Christensen, 1992). Hostility has previously been referred to as an attitude (Berkowitz, 

1993; Buss, 1961) or a sub-trait of a broader personality construct (e.g., Cattell, Eber, & 

Tatsuoka, 1970; Friedman & Rosenman, 1959; 1971). The most common approach in the 

literature has been to address hostility as a broad psychological domain which 

encompasses a variety of traits, such as aggression, anger, mistrust, and cynicism 

(Barefoot et al., 1989; Eckhardt, Norlander, Deffenbacher, 2004). However, each of these 

traits tend to manifest in vastly different ways and will rarely look exactly alike across 

persons, making hostility a difficult construct to operationalize and measure. For 

instance, hostility has previously been defined as reacting to negative circumstances with 

anger, thinking negatively about others, or acting aggressively towards others (Chida & 

Steptoe, 2009). In some cases, hostility may even include a desire to harm another person 

(Smith, 1994). Taken alone, each of these definitions describe only a portion of the 

hostility domain. Research in the field of health psychology has made efforts to further 

understand all aspects of the hostility construct to identify key predictors of later health 
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risks (e.g., Barefoot et al., 1989; Janicki-Deverts et al., 2010; Keith et al., 2017). As a 

result of these efforts, a more encompassing definition was accepted, which states that 

hostility is made up of emotional, cognitive, and behavioral elements, all of which 

underlie a person’s pre-disposition to respond negatively to interpersonal interactions 

(Barefoot et al., 1989; Buss, 1961; Spielberger et al., 1985).  

 
The Emotional, Cognitive, and Behavioral Aspects of Hostility 

 
The emotional, cognitive, and behavioral components of hostility were first 

proposed based on the widely accepted theory that human experience is divided into 

these three basic elements (Hilgard, 1980). These components of hostility are not 

dependent on co-occurrence. Indeed, one or two components may be present without the 

occurrence of the others. That being said, they have been predicted to be moderately and 

positively correlated (Barefoot, 1992). This has been supported in previous research (e.g., 

Janicki-Deverts et al., 2010; Martin, Watson, & Wan, 2000).   

The emotional component of hostility consists of an affective experience, such as 

anger, irritation, or contempt, that is triggered by or directed at another person. The 

experience of these emotions can range from mild to severe and, depending on the 

emotion, can either be a temporary state or stable disposition (Smith, 1994). The 

cognitive component of hostility consists of negative beliefs, thoughts, and attitudes 

about the motives, intentions, and trustworthiness of others (Greenglass & Julkunen, 

1989). This component has also been described as cynicism or mistrust. Cynicism is 

further described as the general belief that others act out of selfish motives, whereas 

mistrust has been described as the expectancy that others are not trustworthy (Klabbers et 

al., 2013). The behavioral component of hostility consists of overt behaviors, such as 
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aggression. The behaviors can take either verbal (e.g., insults, sarcasm, or 

argumentativeness) or physical (e.g., assault) form, and are intentionally harmful towards 

others (Smith, 1994). The behavioral component of hostility is probably the most 

commonly referenced in everyday conversation when attempting to describe the construct 

of hostility. See Table 2.1 below for detailed descriptions and examples of each hostility 

component. 

 
Table 2.1 

Three Components of the Hostility Construct 
 

Category Emotional Hostility  Cognitive Hostility  Behavioral Hostility  
 

Description  Anger, irritation, 
annoyance with 
others 

Suspiciousness, 
lack of trust, 
cynical beliefs 
about others 

Insults, sarcasm, 
physical assault 
against another  

Real-world 
example  

John is angry that 
Sue forgot to clean 
the dishes 

Anne thinks her 
friends are talking 
negatively about 
her when she is not 
around  

Kelly calls her 
coworker an idiot 
after he makes a 
mistake on a simple 
task 

Item example 
from the Cook-
Medley 
Hostility Scale  

“People often 
disappoint me” 

“I think most 
people would lie to 
get ahead” 

“I would certainly 
enjoy beating a crook 
at his or her own 
game” 

 
 
An important note is the difference between the experience and expression of 

hostility. The experience of hostility is comprised of internal and subjective processes, 

such as emotions (i.e., anger) and cognitions (i.e., cynicism), while the expression of 

hostility is externally driven and comprised of behavioral outcomes (Smith, 1994). 

Another similar construct that appears often in the literature is the distinction between 

anger-in and anger-out (Spielberger et al., 1985). Each of these constructs attempt to 
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differentiate between the types of hostility that are externally displayed and the types that 

remain unexpressed. These differentiations are important to the field of health 

psychology, as the experience or expression of hostility may be differently related to 

health outcomes (e.g., Assari, 2016; Brosschot & Thayer, 1998; Why & Johnston, 2008). 

For example, it has been proposed that anger inhibition may be more predictive of poor 

cardiovascular health outcomes than anger expression, and also more representative of 

how individuals typically handle anger-evoking situations in everyday life (Brosschot & 

Thayer, 1998).  

Difficulties arise when researchers attempt to parse out these different conceptual 

components of hostility during operationalization and measurement. As mentioned 

previously, while it is not necessary for each component to occur at the same time, they 

often do, making it difficult to distinguish which aspect of hostility is having an effect on 

which outcome. Indeed, a single measure of hostility may be tapping more than one 

component. That being said, assessments that attempt to focus on the various components 

of hostility have been found to be more predictive of health outcomes than assessments of 

overall hostility (Barefoot et al., 1989; Siegman et al., 1987). These findings indicate the 

importance of individually assessing the components of hostility in order to determine 

which one is most predictive of health risk. As such, it is imperative that researchers use 

assessments of hostility that are explicit about which components are being examined 

(e.g., Janicki-Deverts et al., 2010; Keith et al., 2017). 

 
Assessment of Hostility 

 
Two meta-analytic reviews (44 and 45 studies, respectively) examining hostility 

and health revealed a variety of approaches taken by researchers to measure hostility, 
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varying from structured interviews to self-report questionnaires (Chida & Steptoe, 2009; 

Miller et al., 1996). While structured interviews were found to be the most predictive of 

the relationship between hostility and health outcomes (e.g., coronary heart disease), this 

method is time-consuming and requires significant training. As such, self-report measures 

of hostility such as the Buss-Durkee Hostility Inventory (BDHI; Buss & Durkee, 1957) or 

the Cook-Medley Hostility Scale (CM-Ho; Cook & Medley, 1954), have been the most 

commonly utilized and are also sufficiently predictive of health outcomes (Barefoot, 

1992; Miller et al., 1996).  

The most widely-used hostility measure in health psychology, the 50-item Cook-

Medley Hostility Scale became particularly popular after it was first found to be 

associated with the severity of coronary artery disease in cardiac patients (Williams et al., 

1980). This scale was originally derived from the Minnesota Multiphasic Personality 

Inventory (MMPI) to assess poor teacher rapport with students (Cook & Medley, 1954). 

Numerous attempts have since been made to understand the construct being measured by 

the Cook-Medley Hostility Scale, thus generating a variety of inconsistent 

operationalizations. For instance, some researchers claimed the scale was more likely a 

measure of cynical distrust (Greenglass & Julkunen, 1989; Smith & Frohm, 1985), 

whereas others argued for the division of the scale into two factors: paranoid alienation 

and cynicism (Costa, Zonderman, MccCrae, & Williams, 1986).  

However, content analysis by Barefoot and colleagues (1989) has been most 

commonly cited and states that the items of the scale can be divided into 6 subscales: 

Hostile Attributions, Cynicism, Hostile Affect, Aggressive Responding, Social 

Avoidance, and Other (a subset of miscellaneous items with no clear commonality). Only 
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the first four of the six subscales were found to be indicative of hostility and only three 

(Cynicism, Hostile Affect, and Aggressive Responding) were found to be predictive of 

later life survival outcomes in a sample of lawyers (Barefoot et al., 1989). Interestingly, 

these three subscales respectively address the cognitive, emotional, and behavioral 

components of hostility, thus making the Cook-Medley Hostility Scale an attractive 

option for individually examining each aspect of hostility and the relationship to health 

outcomes. That being said, research revealed the cynicism subscale to be the most 

consistently replicable construct tapped by the Cook-Medley Hostility Scale (Greenglass 

& Julkunen, 1989; Han, Weed, Calhoun, & Butcher, 1995). While it is important to 

examine each of the subscales, a large majority of research has focused solely on the 

relationship between cynicism and health outcomes (e.g., Assari, 2016; Carroll et al., 

1997; Jennings et al., 2017; Lepore, 1995; Šmigelskas et al., 2017; Why & Johnston, 

2008). 

 
Hostility and Health 

 
The origins of current research examining the relationship between hostility and 

health outcomes can be traced back to early work conducted by Friedman and Rosenman 

on Type A behavior pattern (TABP). In a sample of males drawn from various vocations, 

(n = 212), those who displayed TABP were more likely to experience adverse health 

outcomes (e.g., coronary heart disease) than those who displayed opposite behavior 

patterns (Friedman & Rosenman, 1959). TABP is characterized by a pre-disposition 

towards impatience, time pressure, excessive competitiveness, need for success, and 

hostility (Friedman & Rosenman, 1971). A large prospective epidemiological study (the 

Western Collaborative Group Study) examining 3,154 males (ages 39 – 59) over the 
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course of 8.5 years revealed that TABP was associated with higher incidence of coronary 

heart disease (e.g., Rosenman et al., 1964; 1975; 1976). Further research revealed TABP 

to be predictive of the severity of coronary artery disease (e.g., Blumenthal, Williams, 

Kong, Schanberg, & Thompson, 1978; Frank, Heller, Kornfeld, Sporn, & Weiss, 1978; 

Friedman, Rosenman, Straus, Wurm, & Kositchek, 1968). In 1981, the National Institutes 

of Health published a review confirming that TABP was associated with heightened risk 

of coronary heart disease, more so than other well-established risk factors (Review Panel 

on Coronary-Prone Behavior and Coronary Heart Disease, 1981).  

Interestingly, the findings of further research were surprisingly inconsistent, with 

numerous studies revealing no relationship between TABP and cardiovascular disease 

(e.g., Dembroski, MacDougall, Williams, Haney, & Blumenthal, 1985; Dimsdale et al., 

1979; Krantz, Sanmarco, Selvester, & Matthews, 1979; Scherwitz et al., 1983). In 

particular, a second major prospective study— the Multiple Risk Factor Intervention 

Trial study (MRFIT)—was unable to replicate the previously established relationship 

between Type A and coronary heart disease in a sample of 3,110 males (Shekelle et al., 

1985). The inconsistencies in the literature led some researchers to evaluate possible 

explanations for null findings (Siegman, 1994). The standard interview used to assess 

TABP was found to be methodologically inconsistent across studies, leading to varying 

classifications of TABP. Additionally, TABP is a multidimensional construct consisting 

of a variety of behaviors, some of which may be predictive of coronary heart disease, 

while others may be unrelated or even protective. It was therefore suggested that future 

research should break down the global TABP construct into individual components that 

can be examined separately, such as hostility (Dembroski & MacDougall, 1985; 
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Dembroski et al., 1985). This argument was further supported by later findings revealing 

that clinical assessments of hostility were related to coronary heart disease in the MRFIT 

sample, even though global TABP was unrelated (Dembroski, MacDougall, Costa, & 

Grandits, 1989; Shekelle et al., 1985). As a result, research gradually shifted to further 

examining hostility as a predictor of health risk rather than solely focusing on TABP.  

Two meta-analyses, examining 44 and 45 studies respectively, found significant 

associations between anger/hostility and cardiovascular disease outcomes in both healthy 

and patient populations, such as a coronary heart disease, myocardial infarction, coronary 

artery disease, and mortality (Chida & Steptoe, 2009; Miller et al., 1996). More recent 

research has also established relationships between hostility and inflammatory markers of 

cardiovascular disease (Mwendwa et al., 2013), carotid atherosclerosis (Everson-Rose et 

al., 2006; Pollitt et al., 2005), metabolic syndrome (Goldbacher & Matthews, 2007; 

Nelson, Palmer, & Pedersen, 2004), cortisol diurnal profiles (Ranjit et al., 2009), 

cardiovascular disease mortality (Assari, 2016; Šmigelskas et al., 2017), and all-cause 

mortality (Klabbers et al., 2013). That being said, a significant portion of research reports 

mixed outcomes, with results differing based on sex (Chida & Steptoe, 2009), age 

(D’Antono, Moskowitz, & Nigam, 2013), race (Cooper & Waldstein, 2004; Finney et al., 

2002), or the presence of other previously established risk factors, such as smoking or 

socioeconomic status (SES; Bunde & Suls, 2006; Skodova et al., 2008), suggesting the 

relationship between hostility and health outcomes may differ across populations.  

In order to truly understand the association between hostility and health outcomes, 

researchers need to devote attention to the potential biological or psychological 

mechanisms driving this relationship. Indeed, four different models have been proposed 
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as an attempt to explain why differences in hostility impact the health of our bodies, 

particularly the cardiovascular system. 

 
Models of Mechanisms Linking Hostility to Health 

 
 A relatively straightforward model, the health-behavior model states that hostile 

individuals are at a greater risk of later-life disease due to an increase in adverse health 

behaviors (Leiker & Hailey, 1988). Bunde and Suls (2013) conducted a meta-analysis, 

which reviewed 27 studies examining the relationships between scores on the Cook-

Medley Hostility Scale and various disease risk factors. Significant associations with 

hostility scores, varying in magnitude, were discovered for the following: SES, alcohol 

consumption, smoking, body mass index, waist-to-hip ratio, insulin resistance, glucose, 

triglycerides, and lipid ratio. Further research revealed higher hostility scores to be 

associated with patterns of obesity, central adiposity, and insulin resistance (Niaura et al., 

2000; Weider, Sexton, McLellarn, Connor, & Matarazzo, 1987). Interestingly, 

individuals high in cynicism or mistrust may be less likely to seek the advice of a medical 

professional or adhere to health recommendations, further increasing the risk of 

undetected or untreated disease (Smith & Christensen, 1992). In sum, this model suggests 

that improving health-related behaviors should be the key focus of intervention for 

preventing health risks in hostile individuals.  

 The psychophysiological reactivity model states that greater hostility is related to 

greater physiological responses to external stressors (Williams, Barefoot, and Shekelle, 

1985), which in turn are related to greater chances of disease outcomes. Increased 

affective arousal (i.e., anger), aggressive behaviors, and vigilance to one’s social 

surroundings produces exaggerated neuroendocrine and cardiovascular responses (Smith 
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& Christensen, 1992; Smith & Pope, 1990). Researchers have cleverly devised a way to 

examine this relationship by comparing hostility ratings to various physiological 

responses to laboratory-induced stress tasks. Curiously, this relationship has been non-

significant when using cognitive, non-social stress tasks, such as mental arithmetic or 

computer games (Sallis et al., 1987; Smith & Houston, 1987; Suls & Wan, 1993). A 

meta-analysis revealed that a significant relationship is only detectable when the 

laboratory stress tasks are social in nature (Suls & Wan, 1993). For example, a laboratory 

word-identification task was only related to increased CVR when high hostile 

participants were being harassed by the researchers (Suarez & Williams, 1989). A 

separate laboratory study revealed greater blood pressure responses in high hostile 

participants during high-conflict interactions, but not during low-conflict interactions 

(Hardy & Smith, 1988). These findings are supported by the widely accepted definition 

of hostility as a psychological pre-disposition that is dependent upon interpersonal 

interaction (Smith & Christensen, 1992; Suls & Wan, 1993). This model has been the 

foundation of a vast literature examining the relationship between hostility and CVR 

(e.g., Carroll et al., 1997; Chida & Hamer, 2008; Christensen & Smith, 1993; Sallis et al., 

1987; Smith & Gallo, 1999; see next section for a review of cardiovascular reactivity).  

 Alternatively, the psychosocial vulnerability model focuses on social context and 

how it contributes to stress and disease. Individuals with greater hostility also experience 

less social support, greater interpersonal distress, and greater isolation (e.g., Angerer et 

al., 2000; Hardy & Smith, 1988; Houston & Kelley, 1989; Smith et al., 1988). This is an 

important finding, especially when examined alongside the psychophysiological 

reactivity model. Not only do hostile individuals experience greater physiological 
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responses to stress, but they also experience a greater number of stressful interpersonal 

life events when compared to a low hostile person (Smith & Christensen, 1992).  

 Lastly, the transactional model uniquely combines both the psychophysiological 

reactivity and psychosocial vulnerability models to create a new perspective on possible 

mechanisms (Smith & Pope, 1990). This model suggests that hostile individuals are more 

vulnerable to health risks due to their propensity to have greater interpersonal conflict 

and less support, as well as heightened physiological responses to social stressors. 

Hostility is a trait that may exacerbate social conflict and subsequent poor social support 

through cynical views of others, angry episodes, and aggressive outbursts (Smith, 1994). 

As such, hostile persons not only respond to stressors with exaggerated physiology, but 

they also create additional stressors as a result of their difficult demeanors.   

 Out of all the models, the psychophysiological reactivity model is by far the most 

supported and accepted with regards to explaining the link between hostility and health 

(for reviews see Chida & Hamer, 2008; Smith, 1994). As such, the current study will 

focus primarily on examining the mechanisms posed by the psychophysiological 

reactivity model, particularly the relationships between hostility and CVR.  

 
Cardiovascular Reactivity to Psychological Stress 

 
The reactivity hypothesis, supported by nearly 40 years of research, states that 

risk for cardiovascular disease is increased in individuals with heightened cardiovascular 

responses to psychological stress (Obrist, 1981). This is contrary to what is observed in 

physical exercise, in which cardiovascular adjustments are deemed healthy and positive. 

The difference between a healthy and unhealthy cardiovascular response may be best 

determined by whether or not it is metabolically appropriate (Carroll, Phillips, & 
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Balanos, 2009b). For example, during exercise, increases in cardiovascular activity are 

equally matched by an increase in metabolic energy to meet the demands of muscle 

exertion (e.g., high blood pressure is necessary to perfuse working muscle groups). In this 

context, these two systems respond in a coordinated and balanced manner. However, 

during psychological stress, the response of the cardiovascular system is often far greater 

than the metabolic demand. In other words, the heart is working disproportionately harder 

in comparison to the rest of the body. Numerous studies have demonstrated 

cardiovascular responses to laboratory psychological stress tasks to be exaggerated 

relative to what would be expected given the minimal physical energy needed to 

complete these mental tasks (Balanos et al., 2010; Carroll, Turner, & Hellawell, 1986a; 

Carroll, Turner, & Prasad, 1986b; Carroll et al., 2009a; Lambiase et al., 2012; Sherwood, 

Allen, Obrist, & Langer, 1986; Turner & Carroll, 1985). Other studies demonstrate these 

same findings outside the laboratory, such as novice parachutists right before a jump 

(Stromme, Wikeby, Blix, & Ursin, 1978), aircraft pilots engaging in difficult flight 

maneuvers (Blix, Stromme, & Ursin, 1974), and individuals taking an exam or speaking 

in public (for review see Zanstra & Johnston, 2011). Further research supports that these 

exaggerated cardiovascular responses to psychological stress are predictive of poor 

cardiovascular health outcomes, such as future blood pressure status (Carroll et al., 1995; 

Carroll, Smith, Shipley, Steptoe, Brunner, & Marmot, 2001; Carroll, Ring, Hunt, Ford, & 

Macintyre, 2003), atherosclerosis (Barnett et al., 1997; Everson et al., 1997; Roemmich et 

al., 2011; Roemmich, Lobarinas, Joseph, Lambiase, & Archer, 2009), hypertension 

(Carroll et al., 2011; Chida & Steptoe, 2010; Markovitz, Raczynski, Wallace, Chettur, & 

Chesney, 1998), ventricular wall thickness (al’Absi et al., 2002; al’ Absi et al., 2006), 
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increased left ventricular mass (Georgiades, Lemne, De Faire, Lindvall, & Fredriskson, 

1997; Kapuku et al., 1999), and cardiovascular disease mortality (Carroll et al., 2012). 

These findings not only support the reactivity hypothesis (Obrist, 1981), but also allude 

to the assumption that, in contrast, low or blunted cardiovascular responses to 

psychological stress might be adaptive or even beneficial for health (Carroll et al., 

2009a).  

Interestingly, recent research suggests that low or blunted CVR to mental stress 

may be just as harmful, leading to a variety of adverse health and behavioral outcomes 

(Carroll et al., 2009a; Lovallo, 2011). Blunted CVR has been associated cross-sectionally 

and prospectively with depression, obesity, substance abuse, smoking, negative life 

events, low cognitive function, and disordered eating (e.g., Carroll, Phillips, Ring, Der, & 

Hunt, 2005; Carroll, Phillips, & Der; 2008; de Rooij, Schene, Phillips, & Roseboom, 

2010; Ginty, Phillips, Der, Deary, & Carroll, 2011; Ginty, Phillips, Higgs, Heaney, & 

Carroll, 2012a; Ginty, Phillips, Roseboom, Carroll, & de Rooij, 2012b; Ginty et al., 2014;  

Phillips, 2011, Phillips, Roseboom, Carroll, & de Rooij, 2012; Phillips et al., 2013; 

Sorocco, Lovallo, Vincent, & Collins, 2006). This research suggests that low CVR to 

stress can lead to adverse health behaviors, which themselves are predictive of 

cardiovascular disease (e.g., Ginty et al., 2016; Carroll et al. 2017).  

This evidence clearly demonstrates that mid-range cardiovascular responses to 

stress may be the most advantageous for health, which is similar to other genetically 

heritable traits (Lovallo, 2011; Hughes et al., 2018). Indeed, CVR profiles have been 

found to be genetically heritable (Wu, Snieder, & de Gues, 2010) and consistent over 

time (Dragomir, Gentile, Nolan, & D’Antono, 2014; Hassellund, Flaa, Sandvik, Kjeldsen, 
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& Rostrup, 2010; Sherwood et al., 1997). What is even more interesting is that CVR 

profiles have been found to be associated with a variety of stable personality traits. A 

meta-analysis of 729 studies revealed hostility, aggression, and Type A behavior to be 

associated with heightened CVR, whereas anxiety, neuroticism, and negative affect were 

associated with diminished CVR (Chida & Hamer, 2008). It has recently been proposed 

that CVR patterns and personality may be distinctly, yet equally influential in how 

individuals respond to stress in the environment, leading to both behavioral and 

physiological consequences (Hughes et al., 2018). In order to understand individual 

differences in responses to stress and subsequent health risks, researchers need to 

examine both physiology and personality. 

 
Adaptation of Cardiovascular Reactivity 

 
 One of the proposed mechanisms for how exaggerated CVR to psychological 

stress relates to disease is the disruption of homeostasis within the body. Homeostasis is 

necessary for the healthy functioning of all organisms. It is best described as a state of 

dynamic equilibrium, which is constantly adjusted according to changes in the internal or 

external environment (Eisenstein, Eisenstein, & Smith, 2001). In other words, the body 

attempts to respond to these internal or external stimuli in ways that maintain the stability 

of internal functioning. Exaggerated CVR disrupts this balance as a result of the 

cardiovascular system responding in a way that is out of sync with the rest of the body 

(Carroll et al., 2009b). That being said, there are times when it is necessary for the body 

to briefly fall out of homeostasis in order to respond appropriately to significant stimuli. 

Responding to stressful life circumstances with an increase in cardiovascular functioning 

may actually be an evolutionarily-developed response, in which temporarily arousing the 
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body is necessary to confront or escape external threats (e.g., fight or flight; Hughes et 

al., 2018). However, stressful life circumstances rarely occur only once in a lifetime. It is 

important to examine how these physiological responses to stress change across multiple 

stress exposures. Organisms respond to repetitive stimuli with either habituation or 

sensitization. Habituation is defined as a decrease in the magnitude of response to a 

repeating stimulus, whereas sensitization is defined as an increase in the magnitude of 

response (Eisenstein et al., 2001). These patterns of adaptation over time may be 

important for further understanding the relationship between CVR and later-life disease. 

Unfortunately, the majority of prior research has only examined physiological responding 

to a single laboratory stress exposure (for review see Chida & Hamer, 2008). A recent 

review paper recommended that researchers begin to examine laboratory-induced stress 

at multiple time points in order to assess the possibility of CVR adaptation (Hughes et al., 

2018).  

Hughes and colleagues (2018) recommend that future research should consider 

examining the possibility of four patterns of CVR over time: persistent reactors, 

persistent blunters, habituators, and sensitizers. Similar to prior research, it is still 

proposed that some individuals will initially respond to a psychological stressor with 

either an exaggerated or blunted cardiovascular outcome. This is easily examined 

utilizing traditional protocols with one stress exposure. However, the importance of the 

CVR adaptation hypothesis rests on what happens to the cardiovascular response at a 

subsequent exposure. Persistent reactors are individuals who reveal an exaggerated 

response during first exposure and maintain this response at second exposure. Similarly, 

persistent blunters reveal a blunted response during first exposure as well as second 
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exposure. Unique to this theory are habituators and sensitizers. Habituators will reveal an 

initial exaggerated response, which will markedly decrease upon subsequent exposures. 

Alternatively, the sensitizer will reveal a markedly higher response at the second 

exposure compared to the first exposure. Sensitization is predicted to be the least adaptive 

response and most likely to lead to cardiovascular disease risk due to increased strain on 

the cardiovascular system. See Table 2.2 for a detailed review of each of the four 

adaptation typologies.  

 
Table 2.2 

Four Patterns of Cardiovascular Reactivity Adaptation 

Time Persistent 
Reactor  

Persistent 
Blunter  

Habituator  Sensitizer 

First stress 
exposure 

Substantial 
increase in 
cardiovascular 
response  

Low or 
minimal 
cardiovascular 
response  

Substantial 
increase in 
cardiovascular 
response  

Low or 
minimal 
cardiovascular 
response  

     
Second stress 
exposure 

High response 
persists 

Low response 
persists 

Decreased 
response 
compared to 
first response  

Increased 
response 
compared to 
first response  

Note. These patterns of adaptation are drawn from the cardiovascular reactivity 
adaptation hypothesis posed by Hughes et al., 2018. 
 
 

As mentioned previously, the habituation profile is theorized to be the most 

adaptive and beneficial for long-term health (Hughes et al., 2018). An initial increase in 

cardiovascular response to stress is considered healthy only if it is short-lasting, thus 

reducing long-term strain on the cardiovascular system. Habituation is the process of 

reducing the initial exaggerated response to a new stressor to more sustainable, mid-range 

responses at subsequent exposures. Previous research has not only confirmed the 

occurrence of CVR habituation in the laboratory (e.g., al’Absi et al., 1997; Frankish & 
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Linden, 1991; Kelsey et al., 1999; Schommer et al., 2003), but has also found it to be 

differentially related to a variety of psychosocial variables (e.g., Hughes et al., 2011; 

Johnson et al., 2012; Lü & Wang, 2017). Refer back to chapter one for a more thorough 

review of the habituation literature.   

 
Study Hypotheses 

 
Based on previous research (e.g., Barefoot et al., 1989; Hughes et al., 2011; Lahad 

et al., 1997; Lepore,1995; Lee & Hughes, 2014), it was hypothesized that higher levels of 

emotional, cognitive, and behavioral hostility would each be individually associated with 

an increase in CVR at two, separate testing visits. It was also hypothesized that higher 

levels of each hostility component would be associated with a decrease in cardiovascular 

response habituation measured across visits.
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CHAPTER THREE 
 

Materials and Methods 
 

This chapter is currently under review as part of the following manuscript: Tyra, A.T., 
Brindle, R.C., Hughes, B.M., & Ginty, A.T. (under review). Cynical hostility relates to a 

lack of habituation of the cardiovascular response to repeated acute stress. 
Psychophysiology 

 
 

Participants 
 

Secondary data for the current study was previously obtained for the Pittsburgh 

Cold Study 3 (PCS3), a prospective viral challenge study conducted by researchers at the 

Laboratory for the Study of Stress, Immunity, and Disease at Carnegie Mellon University 

under the directorship of Sheldon Cohen, Ph.D. The purpose of the PCS3 was to 

experimentally expose healthy adults to a common cold virus and monitor their 

subsequent health symptoms and development of infection during a brief quarantine 

period, while also collecting a variety of psychological and health measurements. The 

PCS3 was uniquely valuable to the current study in that it also included measurements of 

CVR at two separate visits. Data collection took place from 2007 to 2011 and included 

213 healthy volunteers drawn from the Pittsburgh, Pennsylvania area, ranging in ages 

from 18 to 55 (Mean = 30.1; SD = 10.9; 42.3% female, 66.7% Caucasian). Out of the 213 

individuals who participated in PCS3, 15 were excluded from the current study due to 

missing physiological readings at either baseline or stress for either visit (Missing from 

Visit 1 (n = 7); missing from Visit 2 (n = 8)), which were needed to calculate main 

variables of interest (i.e., cardiovascular reactivity). In addition, preliminary analyses led 

to the removal of two statistical outliers (> 4 standard deviations above the mean for heart 
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rate reactivity and diastolic blood pressure reactivity at Visit 1). As such, a final total of 

196 participants (Mean age = 29.9, SD = 10.8 years; 42.9% female, 67.3% Caucasian) 

were included in the current analyses. The PCS3 had the following exclusion criteria: 

previous nasal surgery, psychiatric hospitalization within the last 5 years, history of 

chronic illness or psychiatric disorder treated within one year of study enrollment, human 

immunodeficiency virus seropositivity, abnormal clinical profile (discovered through 

urinalysis, complete blood count, or blood chemistry analysis), regular medication 

regimen, pregnant or lactating, previous participation or planned enrollment in another 

study within the last 30 days, cold or flu-like illness within 30 days of quarantine, living 

with someone who has chronic obstructive pulmonary disease or an immunodeficiency, 

previous hospitalization due to flu-like illness, use of steroids or immunosuppressants 

within 3 months, or allergies to eggs/egg products. Eligible participants were given a 

physical examination to screen for good health. Volunteers who completed the entire 

study protocol received $1000 for their participation. The study was approved by both the 

Carnegie Mellon University and University of Pittsburgh Internal Review Boards. All 

data was electronically accessed from the Common Cold Project Website 

(www.commoncoldproject.com; grant number NCCIH AT006694).  

 
Psychological Stress Protocol 

 
Participants engaged in two laboratory visits, averaging about 48 (SD = 6.6) days 

apart (Visit 1: 2-4 weeks prior to virus inoculation and Visit 2: 4-6 weeks after the 

quarantine period). The individual stress sessions were conducted at the University of 

Pittsburgh and lasted approximately 2 ¼ hours. Participants attended the laboratory 

session between the hours of 3 p.m. and 9 p.m. Prior to arrival, participants were 
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requested to refrain from drinking alcohol for 48 hours, engaging in exercise and non-

prescription medications for 24 hours, eating and drinking (except water) for 2 hours, and 

smoking for 1 hour prior to the session. A pre-session interview was conducted to ensure 

participants followed these instructions. The two laboratory visits included identical 

stress testing protocols.  

Participants entered the experimental chamber and were equipped with an 

automated blood pressure cuff (Critikon Dynamap® Vital Signs Monitor 1846SX, GE 

Healthcare, U.S) to measure systolic and diastolic blood pressure (SBP and DBP) and 

heart rate (HR). Once situated in an upright chair, participants were asked to relax and sit 

quietly for 20 minutes. This was considered the baseline period. BP and HR were 

measured 4 times (every 120 seconds) during the last 6 minutes of this period. 

Immediately following the baseline period, participants engaged in the 15-minute stress 

protocol, which consisted of a modified version of the Trier Social Stress Test (TSST). 

Participants were first given 5 minutes to formulate a speech to defend themselves 

against a suspected transgression (either traffic violation or shoplifting, which were 

counterbalanced between the two laboratory visits). They were told their speech would be 

videotaped and evaluated. At the completion of the speech task (5 minutes of anticipatory 

preparation, 5 minutes to perform the speech), participants were then asked to engage in a 

5-minute mental arithmetic task (i.e., subtracting the number 13 from either 1,022 or 

1,039, depending on the visit) while also under evaluation. HR and BP were recorded 

every two minutes during the entire stress protocol. Nine measurements were taken; three 

during each of the stress phases (speech prep, speech delivery, mental arithmetic).  
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Cardiovascular Stress Reactivity 
 
 Baseline cardiovascular activity was defined as the average of the four readings 

during resting baseline. Stress cardiovascular activity was the average of the nine 

readings taken across the three stress tasks (speech preparation, speech, mental 

arithmetic). Previous research suggests that averaging cardiovascular responses across 

multiple stress tasks is a more reliable method of examining differences in stress 

reactivity at the individual level (e.g., Kamarck, Jennings, & Manuck, 1992). Baseline, 

stress, and CVR values were calculated separately for each laboratory visit (Visit 1 stress 

– Visit 1 baseline and Visit 2 stress – Visit 2 baseline). In total there were six CVR values 

calculated: HR reactivity Visit 1, HR reactivity Visit 2, SBP reactivity Visit 1, SBP 

reactivity Visit 2, DBP reactivity Visit 1, and DBP reactivity Visit 2.  

 
Components of Hostility 

 
A modified version of the Cook-Medley Hostility Scale (Cook & Medley, 1954; 

Barefoot et al., 1989) was utilized to examine the three main components of hostility. The 

emotional component of hostility (i.e., hostile affect) was a measurement of vulnerability 

to anger or annoyance of others. An example item for this component is “people often 

disappoint me”. The behavioral component (i.e., aggressive responding) was measured as 

aggression towards others. An example item for this component is “I would certainly 

enjoy beating a crook at his or her own game”. The cognitive component (i.e., cynicism) 

was a measurement of cynical or suspicious thoughts about others. An example item for 

this component includes “I think most people would lie to get ahead”. In total, there were 

20-items on the scale consisting of dichotomous “true/false” response options, which can 

be separated into three subscale totals: nine items for Aggressive Responding, five items 
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for Hostile Affect, and six items for Cynicism. These subscales have been previously 

found to be more predictive of adverse health outcomes than the original 50-item Cook-

Medley Hostility Scale taken as a whole (Barefoot et al., 1989). This questionnaire was 

administered immediately prior to the quarantine period and for the current sample 

revealed good overall internal consistency (⍺ = 0.71). Additionally, prior research has 

confirmed the overall scale to have good test-retest reliability (e.g., Barefoot, Dahlstrom, 

& Williams, 1983).  

 
Covariates 

 
Demographic information such as age, race/ethnicity (coded as 1 = 

white/Caucasian, 0 = non-white/Caucasian), and sex were collected via a self-report 

questionnaire completed prior to the quarantine period. Virus exposure was also assessed 

utilizing seroconversion, based on pre-challenge viral-specific Ab titer to post-challenge 

viral-specific Ab titer (0 = did not seroconvert, 1 = 4-fold increase detected).  

 
Statistical Analyses 

 
Repeated-measures ANOVAs, examining baseline and stress values, were carried 

out to examine if the stress tasks perturbed the cardiovascular system. Pearson’s product-

moment correlations were used to examine the individual relationships between CVR 

scores for each variable at Visit 1 and Visit 2. Subsequent repeated-measures ANOVAs 

examined if CVR for HR, SBP, and DBP differed significantly from Visit 1 to Visit 2.  

Pearson’s product-moment correlations were utilized to assess whether or not 

CVR scores at Visit 1 or Visit 2 related to each of the three subscale scores (Hostile 

Affect, Aggressive Responding, Cynicism). Reactivity change scores were calculated for 
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HR, SBP, and DBP by obtaining the difference between reactivity at Visit 1 and Visit 2 

for each cardiovascular variable (i.e., habituation values). Additional Pearson’s product-

moment correlations were used to examine the relationships between change in reactivity 

across visits and each of the subscale scores.  

Repeated-measures ANCOVAs were performed to further examine the 

hypothesized association between hostility and habituation of CVR. Following the 

analytical approach of Johnson and colleagues (2012), CVR (either HR, SBP, or DBP) at 

each visit was utilized to create a two-level within-subjects factor, denoted as Visit 

(reactivity at Visit 1 versus reactivity at Visit 2). The predictive role of hostility (subscale 

score) was examined as a covariate in each of the analyses. Separate analyses were 

performed for reactivity of HR, SBP, and DBP, resulting in three independent repeated-

measures ANCOVAs for each of the three subscale scores (nine ANCOVAs in total). 

Nine subsequent repeated-measures ANCOVAs examined the relationship between 

hostility and habituation of CVR while also controlling for age, sex, race/ethnicity, virus 

exposure, and respective cardiovascular baseline levels. Greenhouse-Geisser correction 

values were reported for repeated-measures ANOVAs and ANCOVAs when appropriate 

(Greenhouse & Geisser, 1959; Jennings, 1987). Results were considered to be statistically 

significant if p values were £ .05. SPSS version 25 (IBM Corp, USA) was utilized for 

statistical analyses.
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CHAPTER FOUR 
 

Results 
 
This chapter is currently under review as part of the following manuscript: Tyra, A.T., 
Brindle, R.C., Hughes, B.M., & Ginty, A.T. (under review). Cynical hostility relates to a 

lack of habituation of the cardiovascular response to repeated acute stress. 
Psychophysiology 

 
 

Cardiovascular Stress Reactivity 
 

Repeated-measures ANOVAs examining the differences between mean 

cardiovascular variables at baseline and stress revealed that the TSST protocol 

significantly increased HR, F(1, 195) = 382.80, p < .001, η2 = .66; SBP, F(1, 195) = 

449.10, p < .001, η2 = .70; and DBP, F(1, 195) = 578.96, p < .001, η2 = .75 at Visit 1, as 

well as HR, F(1, 195) = 314.88, p < .001, η2 = .62; SBP, F(1, 195) = 411.68, p < .001, η2 

= .68; and DBP, F(1, 195) = 529.42, p < .001, η2 = .73 at Visit 2. Means and standard 

deviations are presented in Table 4.1.  

 
Table 4.1 

Mean (SD) Cardiovascular Activity During Baseline and Stress at Visit 1 and Visit 2 

Protocol Phase HR bpm SBP mmHg DBP mmHg 

Baseline – Visit 1 69.27 (10.72) 114.60 (12.27) 67.45 (8.21) 

Stress – Visit 1* 80.00 (12.50) 130.52 (14.47) 77.96 (8.17) 

Baseline – Visit 2 71.35 (11.36) 116.94 (12.28) 68.62 (8.16) 

Stress – Visit 2*  81.46 (12.82) 130.90 (15.33) 77.57 (7.83) 

Note. *  = stress significantly differed from respective baseline at the p < .001 for all 
cardiovascular variables.



 30 

Cardiovascular Stress Reactivity between Visit 1 and Visit 2 
 

Significant correlations between CVR for all variables at Visit 1 and Visit 2 are 

depicted in Table 4.2. Repeated-measures ANOVAs revealed statistically significant 

differences in mean CVR across Visit 1 and Visit 2 for SBP (p = .003) and DBP (p < 

.001), but not for HR (p = .145). As depicted in Table 4.3, mean CVR decreased at Visit 

2 compared to Visit 1, revealing physiological habituation. 

 
Table 4.2 

Correlations Between Cardiovascular Reactivity Measures at Visit 1 and Visit 2 

Measure  1 2 3 4 5 6 

1. Δ HR – Visit 1 ___      

2. Δ SBP – Visit 1  .56** ___     

3. Δ DBP – Visit 1  .48** .72** ___    

4. Δ HR – Visit 2  .71** .38** .37** ___   

5. Δ SBP – Visit 2 .49** .58** .51** .58** ___  

6. Δ DBP – Visit 2 .43** .46** .53** .43** .68** ___ 

Note. ** p < 0.01 level (2-tailed); Δ = difference between stress and baseline (i.e., 
reactivity).  
 
 

Relationships between Hostility Subscales 
 

Correlations between the emotional, behavioral, and cognitive subscales (Hostile 

Affect, Aggressive Responding, and Cynicism) are presented in Table 4.4. The 

relationships between each of the subscales are moderate, revealing some independence 

between the measured constructs. These findings are supported by prior research 

(Barefoot, 1992; Janicki-Deverts et al., 2010). 
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Table 4.3 

Mean Cardiovascular Reactivity at Visit 1 and Visit 2 

                                             Visit 1                                                               Visit 2  

Measure Mean SD Min Max  Mean SD Min Max F p Partial η2  

Δ HR 10.73 7.68 -4.64 38.81  10.11 7.98 -9.50 39.92 2.14 .145 .011 

Δ SBP 15.92 10.52 -13.47 41.81  13.97 9.64 -10.75 46.67 8.78 .003* .043 

Δ DBP 10.52 6.12 -6.94 25.36  8.95 5.44 -8.19 30.39 15.11 .000* .072 

Note. * = significance at the p ≤ 0.05 level; Δ = difference between stress and baseline (i.e., reactivity).
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Table 4.4 

Relationships Between Cook-Medley Hostility Subscale Scores 

Measure  1 2 3 

1. Cynicism  ___   

2. Hostile Affect  .40** ___  

3. Aggressive Responding   .35** .31** ___ 

Note. ** p < 0.01 level (2-tailed). 
 

 

Cardiovascular Stress Reactivity Habituation and Hostility 
 

Correlation analyses demonstrated a statistically significant, negative relationship 

between cynicism and all CVR variables at Visit 1 but not Visit 2, as well as change in 

SBP and HR reactivity across visits. Hostile affect and aggressive responding were not 

statistically significantly related to CVR at either visit and were also not related to change 

in CVR across visits. The correlations between each of the hostility subscales with CVR, 

as well as change in CVR are depicted in Table 4.5.  

 Repeated measures ANCOVAs demonstrated significant visit–by–cynicism 

subscale interactions for SBP, F(1, 194) = 13.04, p < .001, η2 = .063 and HR, F(1, 194) = 

7.14, p = .008, η2 = .036, but not for DBP (p = .054). When controlling for respective 

cardiovascular baseline levels at Visit 1, as well as age, sex, race/ethnicity, and virus 

exposure, results remained significant for SBP, F(1, 188) = 6.80, p = .010, η2 = .035 as 

well as HR, F(1, 188) = 5.24, p = .023, η2 = .027. No significant visit-by-hostility 

interactions were found for the hostile affect or aggressive responding subscales in initial 

or fully adjusted repeated measures ANCOVAs. 
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Graphic illustrations of the interactions between the cynicism subscale and 

SBP/HR reactivity at both visits are presented in Figures 4.1a and 4.1b respectively. For 

the figures, participants are divided into lowest and highest tertiles of the cynicism scores 

(these figures are for illustrative purposes only). As revealed by the figures, participants 

with lower cynicism display enhanced habituation of cardiovascular reactivity across 

Visit 1 and Visit 2 compared to those with greater cynicism. 
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Table 4.5 

Correlations Between Hostility Scores and Cardiovascular Reactivity at Visit 1 and Visit 2 and Change in Reactivity 

  Visit 1     Visit 2    Δ 
Reactivity 

 

Measure HR SBP DBP  HR SBP DBP  HR SBP DBP 

Cynicism  -.16* -.22** -.16*  -.01 .00 -.04  -.19** -.25** -.14 

Hostile Affect  -.11 -.14 -.07  -.06 -.04 -.08  -.06 -.11 .01 

Aggressive 
Responding   

-.06 -.11 -.03  -.13 -.13 -.08  .09 .02 .04 

Note. * = Significance at the p ≤ 0.05 (2-tailed); ** = Significant at the p < 0.01(2-tailed); Δ = difference between reactivity 
at Visit 1 and Visit 2 (i.e., cardiovascular reactivity habituation).  
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a)  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. Interactions Between Cynicism and Cardiovascular Reactivity at Visit 1 and 
Visit 2.  
(a) Systolic blood pressure (SBP) reactivity in mm Hg and (b) heart rate (HR) reactivity 
in bpm at Visit 1 and Visit 2 for participants in the first and third tertiles of cynicism 
subscale scores. Error bars represent standard error of the mean.  
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CHAPTER FIVE 
 

Discussion 
 
This chapter is currently under review as part of the following manuscript: Tyra, A.T., 
Brindle, R.C., Hughes, B.M., & Ginty, A.T. (under review). Cynical hostility relates to a 

lack of habituation of the cardiovascular response to repeated acute stress. 
Psychophysiology 

 
 

The present study examined the association between hostility and CVR to acute 

psychological stress at multiple time points. Higher levels of cynicism, the cognitive 

component of hostility, were related to less reactivity across all variables at Visit 1 and 

less habituation of SBP and HR reactivity across both Visit 1 and Visit 2. In contrast, 

lower scores on the cynicism subscale were associated with greater CVR across all 

variables at Visit 1, as well as reductions in SBP and HR reactivity at Visit 2 (i.e., greater 

CVR habituation). These findings remained significant after controlling for confounding 

variables (age, race/ethnicity, sex, virus exposure, and baseline levels). No significant 

relationships were found between the emotional (hostile affect subscale) or behavioral 

(aggressive responding subscale) components of hostility and CVR or habituation. 

The outcomes of the current study reveal the importance of separately examining 

the emotional, cognitive, and behavioral components of the hostility construct. It has 

been suggested that possible behavioral risk factors for disease may differ depending on 

the type of disease examined (Siegman, 1994). As such, each component of hostility may 

be predictive of different disease outcomes and should be examined individually. While 

some research has found cynicism to be related to a variety of adverse health outcomes 

such as inflammation (Janicki-Deverts et al., 2010) or all-cause mortality (Kriegbaum, 
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Lund, Schmidt, Rod, & Christensen, 2019), the majority of previous research has 

specifically demonstrated a relationship between higher levels of cynicism and increased 

risk of cardiovascular disease (e.g., Arthur, 1998; Assari, 2016; Chaput et al., 2002; 

Julkunen et al., 1994; Šmigelskas et al., 2017; Wong et al., 2014).  

Interestingly, the emotional and behavioral components of hostility were not 

found to be related to CVR or habituation. It is possible the lack of findings could be a 

result of the type of hostility assessment utilized. Prior research using other hostility self-

report questionnaires found affective arousal to be associated with CVR (Suarez & 

Williams, 1989), whereas standard interview assessments of hostile behaviors have been 

found to be correlated with severity of cardiovascular disease (Barefoot, 1992). Prior 

research has questioned the choice of using the Cook-Medley Hostility Scale to examine 

constructs other than cynicism (Barefoot & Lipkus, 1994). This is due to the cynicism 

subscale being the most consistently replicable construct tapped by the Cook-Medley 

Hostility Scale (Greenglass & Julkunen, 1989; Han et al., 1995). Other possible 

explanations may be potential physiological differences behind the experience (internal 

emotions and cognitive processes) and expression (external behaviors) of hostility 

(Smith, 1994). Lastly, it is quite possible that the lack of findings was due to a true lack 

of relationship between the emotional and behavioral components of hostility and 

cardiovascular outcomes. As mentioned previously, it has been predicted that the 

different components may be predictive of different types of diseases (Siegman, 1994). 

Future research should aim to examine the relationship between the hostility components 

and CVR utilizing behavioral measures of hostility rather than questionnaires.  
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The negative relationship found between the cognitive component of hostility and 

CVR during Visit 1 does not support our first hypothesis, in which it was predicted that 

greater self-reported hostility would be related to greater CVR. Additionally, these results 

contradict the majority of previous research (for review see: Chida & Hamer, 2008). 

However, the current findings are in accordance with a study examining approximately 

1,000 male public servants showing an association between higher levels of cynical 

hostility (i.e., cynicism) and lower SBP reactivity (Carroll et al., 1997). This negative 

relationship may indicate that hostility is also related to cardiovascular disease through 

indirect pathways. While it has been proposed that heightened CVR is directly related to 

long-term cardiovascular health outcomes, evidence shows that low or blunted CVR is 

also related to poor cardiovascular health outcomes through indirect routes, such as 

obesity and smoking (Carroll et al., 2009a; Ginty et al., 2016; Phillips, Ginty, & Hughes, 

2013). Interestingly, higher levels of hostility have been associated with similar adverse 

health behaviors, such as increased smoking, increased alcohol use, greater caloric intake, 

and lack of activity (Bunde & Suls, 2006). It is possible that higher hostility may thus 

also be indirectly linked to cardiovascular disease through poor health behaviors that 

often accompany lower CVR. Additionally, it has been proposed that an initial 

heightened response to stress may be beneficial in that it allows for necessary 

physiological changes, such as the fight or flight response (Hughes et al., 2018). 

Individuals with higher hostility reveal less of this initial response and as a result, may be 

unable to engage such beneficial physiological changes. Future research should aim to 

examine the longitudinal relationships between hostility, CVR, and cardiovascular 

disease.  
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The current findings (i.e., cynicism related to lack of habituation) partially support 

our second hypothesis, in which it was hypothesized that higher levels of hostility would 

be associated with less CVR habituation. This is consistent with other studies examining 

personality traits and habituation, in which higher levels of “negative” traits were found 

to be related to diminished habituation (e.g., Hughes et al., 2011; Johnson et al., 2012). 

According to the CVR habituation hypothesis posed by Hughes and colleagues (2018), 

habituation may be the most beneficial adaptation profile with regards to long-term 

health, consisting of a necessarily heightened immediate response to stress, followed by a 

reduced response upon subsequent exposures. The results of the current study add 

support to this theory, such that the cardiovascular habituation pattern revealed with 

lower levels of hostility may be considered a possible physiological mediator in the 

established relationship between less hostility and better cardiovascular health outcomes 

(Arthur, 1998; Assari, 2016; Chaput et al., 2002; Julkunen et al., 1994; Šmigelskas et al., 

2017; Wong et al., 2014). No apparent adaptation pattern was revealed with higher levels 

of hostility. It is plausible that this lack of an ability to adapt to subsequent stressors leads 

to increased strain on the cardiovascular system over time and may be a key factor in why 

hostile individuals are predicted to have later life cardiovascular health risks (e.g., 

Kriegbaum et al., 2019).  

The results of the present study are at odds with a previous study examining 

hostility and CVR habituation. The previous study demonstrated high-hostile university 

students to have higher initial CVR and also significantly greater DBP habituation to 

acute psychological stress (Hughes, 2007). Unlike the social stress tasks utilized in the 

current study, the stress task utilized in the previous study was a 10-minute, asocial 
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computer task (Hughes, 2007). When examining the relationship between hostility and 

physiological stress responses, researchers have emphasized the need to utilize laboratory 

stress tasks that are social in nature (Suls & Wan, 1993). Future research should examine 

the relationship between hostility and CVR using both social and asocial tasks. 

Additionally, in the previous study, habituation was measured during a single laboratory 

session in which the task was given twice, whereas the current study measured 

habituation across two separate laboratory sessions, in which the task was given once 

during each session. It has yet to be established whether or not differences in the 

evaluation of habituation will lead to different outcomes. Future research should examine 

differences between habituation patterns in a single session consisting of multiple stress 

exposures versus multiple, separate sessions consisting of a single stress exposure in each 

session (Hughes et al., 2018). Lastly, the previous study conducted separate median-splits 

for males and females, resulting in a high-hostility and low-hostility group for each 

gender. Given the current study examined hostility as a continuous measure, it is possible 

different outcomes were obtained due to different operationalizations of hostility. Future 

research should examine whether different methods of assessing the hostility construct 

reveal different relationships to CVR and habituation.  

The outcomes of this study support Hughes and colleagues (2018) suggestion for 

extending CVR laboratory stress protocols to include multiple exposures of the same 

stress task. Traditional protocols including only a single stressor may be unable to 

accurately identify the reactivity profile of a participant. For example, if the current study 

only examined reactivity at Visit 1, the relationship between lower hostility and 

exaggerated CVR would have been misidentified as a persistent, heightened reaction to 
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psychological stress and further classified as a risk factor for later disease. However, 

examining CVR from Visit 1 to Visit 2 reveals an entirely different type of profile, 

demonstrating lower hostility to be related to greater CVR habituation, which has been 

identified as the most optimal for protecting against long-term health risks (Hughes et al., 

2018). As such, examining CVR across multiple exposures to psychological stress allows 

researchers to evaluate the consistency and changes of reactivity responses over time, 

thus providing a more comprehensive perspective.  

This research is not without limitations. First, the study was cross-sectional and 

prevents the determination of causality. While it is possible that greater hostility may 

induce less CVR as well as less habituation across multiple stress exposures, such 

determination of causality is not definitive in observational research due to possible 

unmeasured or poorly measured variables confounding the results (Christenfeld, Sloan, 

Carroll, & Greenland, 2004). That being said, the present study demonstrated significant 

results after adjusting for a variety of potential important confounders (age, 

race/ethnicity, sex, virus exposure, baseline cardiovascular activity). Second, the measure 

of hostility was self-report and only administered once, prior to the first laboratory stress 

testing visit. As a result, potential changes in reported hostility over time were not 

obtained or controlled. However, research on hostility has found it to be a relatively 

stable trait (Han et al., 1995; Woodall & Matthews, 1993). Third, the observed 

associations between hostility and CVR were relatively small, as were the observed effect 

sizes after controlling for potential confounders. Due to secondary data analysis, we were 

unable to conduct appropriate a priori power analyses. However, an examination of 

sample sizes in previous similar literature reveals that the current study was likely 
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sufficiently powered (Hughes, 2007; Hughes et al., 2011; Johnson et al., 2012; Lee & 

Hughes, 2014). Lastly, it may have been helpful to have acquired a more comprehensive 

profile of reactivity rather than simply focusing on BP and HR. Prior research has also 

established a relationship between hostility and inflammation (Hackett, Lazzarino, 

Carvalho, Hamer, & Steptoe, 2015), salivary cortisol (Brydon et al., 2010) total 

peripheral resistance (Girdler et al., 1997; Why & Johnston, 2008) as well as stroke 

volume and cardiac output (Bongard, Al’Absi, & Lovallo, 1998).  

Future research should continue to examine the proposed relationships and 

underlying mechanisms between hostility and cardiovascular disease outlined in this 

study. Hostility is proposed to be related to cardiovascular disease through individual 

differences in cardiovascular responses to psychological stress, which may further be 

influenced by a variety of external factors (e.g., other dispositional traits, environmental 

and situational contexts; see Figure 5.1). The results of the current study suggest a need 

for the continued separate examination of each of the three hostility components and how 

they differentially relate to health outcomes. Additionally, it may be beneficial to 

examine these hostility components utilizing a variety of assessment methods, such as 

other versions of self-report questionnaires, standard interviews, or behavioral 

assessments. 
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Figure 5.1. Proposed Model of the Relationship between Hostility and Cardiovascular 
Disease. 
 
 

The present study also highlights the importance of future studies using extended 

laboratory stress protocols to assess changes in CVR across multiple stress exposures. 

For example, traditional protocols consisting of only one stress exposure will be unable to 

differentiate between persistent reactors and habituators (Hughes et al., 2018), resulting 

in vastly different interpretations. The understanding of CVR adaptation may provide 

further insight into how individual differences in responses to stress contribute to disease 

risk. It is also suggested that future research should examine the relationships between 

hostility and other reactivity variables (e.g., inflammation, cortisol, cardiac output) in 

order to build a more comprehensive narrative. In addition, it may be useful to examine 

how other possible external factors may be influencing the relationship between hostility 

and CVR, such as state anger or social support (e.g., Lepore, 1995; Why & Johnson, 

2008). Lastly, this area of research is in need of a longitudinal design, in which the 

relationships between hostility, CVR, and cardiovascular disease are observed over time. 

For example, future longitudinal studies might examine the relationship between hostility 

and progression of carotid artery thickness or risk of myocardial infarction.  
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In summary, this study demonstrated that the relationship between higher levels 

of the cognitive component of hostility (i.e., cynicism) and poor cardiovascular health 

outcomes may potentially be explained by an inability to habituate cardiovascular 

responses to subsequent acute psychological stress exposures. Additionally, it is proposed 

that the relationship between hostility and CVR may be dependent upon other 

environmental and dispositional characteristics, revealing exaggerated CVR under some 

conditions and blunted CVR under others. However, both exaggerated and blunted CVR, 

when combined with a lack of ability to adapt these responses, are deleterious for health. 



 45 

 
 
 

REFERENCES 
 
 
al'Absi, M., Bongard, S., Buchanan, T., Pincomb, G.A., Licinio, J., & Lovallo, W. R. 

(1997). Cardiovascular and neuroendocrine adjustment to public speaking and 
mental arithmetic stressors. Psychophysiology, 34(3), 266-275. 
https://doi.org/10.1111/j.1469-8986.1997.tb02397.x 

 
al’Absi, M., Devereux, R. B., Lewis, C. E., Kitzman, D. W., Rao, D. C., Hopkins, P., … 

Arnett, D. K. (2002). Blood pressure responses to acute stress and left ventricular 
mass (The Hypertension Genetic Epidemiology Network Study). The American 
Journal of Cardiology, 89(5), 536–540. https://doi.org/10.1016/s0002-
9149(01)02305-0  

 
al’Absi, M., Devereux, R. B., Rao, D. C., Kitzman, D., Oberman, A., Hopkins, P., & 

Arnett, D. K. (2006). Blood pressure stress reactivity and left ventricular mass in 
a random community sample of African-American and Caucasian men and 
women. The American Journal of Cardiology, 97(2), 240–244. 
https://doi.org/10.1016/j.amjcard.2005.07.134  

 
Angerer, P., Siebert, U., Kothny, W., Mühlbauer, D., Mudra, H., & von Schacky, C. 

(2000). Impact of social support, cynical hostility and anger expression on 
progression of coronary atherosclerosis. Journal of the American College of 
Cardiology, 36(6), 1781-1788. https://doi.org/10.1016/s0735-1097(00)00944-x  

 
Arthur, H. M. (1998). Cynical hostility was associated with increased risk of mortality 

and MI. Evidence-Based Cardiovascular Medicine, 2(1), 8-9. 
https://doi.org/10.1016/s1361-2611(98)80006-7  

 
Assari, S. (2016). Hostility, anger, and cardiovascular mortality among blacks and 

whites. Res. Cardiovasc. Med. https://doi.org/10.5812/cardiovascmed.34029 
 
Barefoot, J. C. (1992). Developments in the measurement of hostility. In H. S. Friedman 

(Ed.), Hostility, coping, & health. (pp. 13–31). Washington, DC: American 
Psychological Association. https://doi.org/10.1037/10105-001 

 
Barefoot, J. C., Dahlstrom, W. G., & Williams, R. B. (1983). Hostility, CHD incidence, 

and total mortality: A 25-yr follow-up study of 255 physicians. Psychosomatic 
Medicine, 45(1), 59-63. https://doi.org/10.1097/00006842-198303000-00008 

 
 
 



 46 

Barefoot, J. C., Dodge, K. A., Peterson, B. L., Dahlstrom, W. G., & Williams, R. B. 
(1989). The Cook-Medley Hostility Scale: Item content and ability to predict 
survival. Psychosomatic Medicine, 51, 46-57. https://doi.org/10.1097/00006842-
198901000-00005  

 
Barefoot, J. C., & Lipkus, I. M. (1994). The assessment of anger and hostility. In A. W. 

Siegman & T. W. Smith (Eds.), Anger, hostility, and the heart. (pp. 43–66). 
Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.  

 
Barnett, P. A., Spence, J. D., Manuck, S. B., & Jennings, J. R. (1997). Psychological 

stress and the progression of carotid artery disease. Journal of Hypertension, 
15(1), 49-55. https://doi.org/10.1097/00004872-199715010-00004  

 
Berkowitz, L. (1993). Aggression: Its causes, consequences, and control. New York, NY: 

McGraw-Hill Book Company.  
 
Balanos, G. M., Phillips, A. C., Frenneaux, M. P., McIntyre, D., Lykidis, C., Griffin, H. 

S., & Carroll, D. (2010). Metabolically exaggerated cardiac reactions to acute 
psychological stress: The effects of resting blood pressure status and possible 
underlying mechanisms. Biological Psychology, 85(1), 104–111. 
https://doi.org/10.1016/j.biopsycho.2010.06.001 

 
Blix, A.S., Stromme, S.B., & Ursin, H. (1974). Additional heart rate: An indicator of 

psychological activation. Aerospace Medicine, 45, 1219-1222.  
 
Blumenthal, J. A., Williams, R. B., Jr., Kong, Y., Schanberg, S. M., & Thompson, L. W. 

(1978). Type A behavior pattern and coronary atherosclerosis. Circulation, 58(4), 
634–639. https://doi.org/10.1161/01.cir.58.4.634  

 
Bongard, S., Al'Absi, M., & Lovallo, W. R. (1998). Interactive effects of trait hostility 

and anger expression on cardiovascular reactivity in young men. International 
Journal of psychophysiology, 28(2), 181-191. https://doi.org/10.1016/S0167-
8760(97)00095-0 

 
Brosschot, J. F., & Thayer, J. F. (1998). Anger inhibition, cardiovascular recovery, and 

vagal function: A model of the link between hostility and cardiovascular 
disease. Annals of Behavioral Medicine, 20(4), 326–332. 
https://doi.org/10.1007/BF02886382 

 
Brydon, L., Strike, P. C., Bhattacharyya, M. R., Whitehead, D. L., McEwan, J., Zachary, 

I., & Steptoe, A. (2010). Hostility and physiological responses to laboratory stress 
in acute coronary syndrome patients. Journal of Psychosomatic Research, 68(2), 
109-116. https://doi.org/10.1016/j.jpsychores.2009.06.007 

 



 47 

Bunde, J., & Suls, J. (2006). A quantitative analysis of the relationship between the 
Cook-Medley Hostility Scale and traditional coronary artery disease risk factors. 
Health Psychology, 25(4), 493-500. https://doi.org/10.1037/0278-6133.25.4.493 

 
Buss, A. H. (1961). The psychology of aggression. New York: Wiley. 

https://doi.org/10.1037/11160-000  
 
Buss, A. H., & Durkee, A. (1957). An inventory for assessing different kinds of 

hostility. Journal of consulting psychology, 21(4), 343. 
https://doi.org/10.1037/h0046900  

 
Carroll, D., Ginty, A. T., Der, G., Hunt, K., Benzeval, M., & Phillips, A. C. (2012). 

Increased blood pressure reactions to acute mental stress are associated with 16‐
year cardiovascular disease mortality. Psychophysiology, 49(10), 1444 -1448. 
https://doi.org/10.1111/j.1469-8986.2012.01463.x 

 
Carroll, D., Ginty, A. T., Whittaker, A. C., Lovallo, W. R., & de Rooij, S. R. (2017). The 

behavioural, cognitive, and neural corollaries of blunted cardiovascular and 
cortisol reactions to acute psychological stress. Neuroscience & Biobehavioral 
Reviews, 77, 74-86. https://doi.org/10.1016/j.neubiorev.2017.02.025  

 
Carroll, D., Lovallo, W. R., & Phillips, A. C. (2009a). Are large physiological reactions 

to acute psychological stress always bad for health? Social and Personality 
Psychology Compass, 3(5), 725-743. https://doi.org/10.1111/j.1751-
9004.2009.00205.x 

 
Carroll, D., Phillips, A. C., & Balanos, G. M. (2009b). Metabolically exaggerated cardiac 

reactions to acute psychological stress revisited. Psychophysiology, 46(2), 270–
275. https://doi.org/10.1111/j.1469-8986.2008.00762.x 

 
Carroll, D., Phillips, A. C., & Der, G. (2008). Body mass index, abdominal adiposity, 

obesity, and cardiovascular reactions to psychological stress in a large community 
sample. Psychosomatic Medicine, 70(6), 653–660. 
https://doi.org/10.1097/PSY.0b013e31817b9382 

 
Carroll, D., Phillips, A. C., Der, G., Hunt, K., & Benzeval, M. (2011). Blood pressure 

reactions to acute mental stress and future blood pressure status: Data from the 
12-year follow-up of the West of Scotland Study. Psychosomatic Medicine, 73(9), 
737-742. https://doi.org/10.1097/PSY.0b013e3182359808 

 
Carroll, D., Phillips, A. C., Ring, C., Der, G., & Hunt, K. (2005). Life events and 

hemodynamic stress reactivity in the middle-aged and elderly. 
Psychophysiology, 42(3), 269–276. https://doi.org/10.1111/j.1469-
8986.2005.00282.x  

 



 48 

Carroll, D., Ring, C., Hunt, K., Ford, G., & MacIntyre, S. (2003). Blood pressure 
reactions to stress and the prediction of future blood pressure: Effects of sex, age, 
and socioeconomic position. Psychosomatic Medicine, 65(6), 1058–1064. 
https://doi.org/10.1097/01.PSY.0000097330.58739.26 

 
Carroll, D., Smith, G. D., Sheffield, D., Shipley, M. J., & Marmot, M. G. (1997). The 

relationship between socioeconomic status, hostility, and blood pressure reactions 
to mental stress in men: Data from the Whitehall II study. Health Psychology, 
16(2), 131-136. https://doi.org/10.1037/0278-6133.16.2.131 

 
Carroll, D., Smith, G. D., Sheffield, D., Shipley, M. J., & Marmot, M. G. (1995). Pressor 

reactions to psychological stress and prediction of future blood pressure: Data 
from the Whitehall II Study. BMJ (Clinical Research Ed.), 310(6982), 771–776. 
https://doi.org/10.1016/1062-1458(96)82491-3  

 
Carroll, D., Smith, G. D., Shipley, M. J., Steptoe, A., Brunner, E. J., & Marmot, M. G. 

(2001). Blood pressure reactions to acute psychological stress and future blood 
pressure status: A 10-year follow-up of men in the Whitehall II 
study. Psychosomatic Medicine, 63(5), 737–743. 
https://doi.org/10.1097/00006842-200109000-00006 

 
Carroll, D., Rick Turner, J., & Hellawell, J. C. (1986a). Heart rate and oxygen 

consumption during active psychological challenge: The effects of level of 
difficulty. Psychophysiology, 23(2), 174–181. https://doi.org/10.1111/j.1469-
8986.1986.tb00613.x 

 
Carroll, D., Turner, J. R., & Prasad, R. (1986b). The effects of level of difficulty of 

mental arithmetic challenge on heart rate and oxygen consumption. International 
Journal of Psychophysiology, 4(3), 167–173. https://doi.org/10.1016/0167-
8760(86)90012-7  

 
Cattell, R. B., Erber, H. W., Tatsuoka, M., Huston, T. L., & Melz, H. (2004). Sixteen 

Personality Factor Questionnaire--Form A. Journal of Marriage and Family, 66, 
943–958.  

 
Chaput, L. A., Adams, S. H., Simon, J. A., Blumenthal, R. S., Vittinghoff, E., Lin, F., ... 

& Matthews, K. A. (2002). Hostility predicts recurrent events among 
postmenopausal women with coronary heart disease. American Journal of 
Epidemiology, 156(12), 1092-1099. https://doi.org/10.1093/aje/kwf158  

 
Chida, Y., & Hamer, M. (2008). Chronic psychosocial factors and acute physiological 

responses to laboratory-induced stress in healthy populations: A quantitative 
review of 30 years of investigations. Psychological Bulletin, 134(6), 829-885. 
https://doi.org/10.1037/a0013342 

 



 49 

Chida, Y., & Steptoe, A. (2009). The association of anger and hostility with future 
coronary heart disease: A meta-analytic review of prospective evidence. Journal 
of the American College of Cardiology, 53(11), 936-946. 
https://doi.org/10.1016/j.jacc.2008.11.044 

 
Chida, Y., & Steptoe, A. (2010). Greater cardiovascular responses to laboratory mental 

stress are associated with poor subsequent cardiovascular risk status: A meta-
analysis of prospective evidence. Hypertension, 55(4), 1026-1032. 
https://doi.org/10.1161/HYPERTENSIONAHA.109.146621 

 
Christenfeld, N. J. S., Sloan, R. P., Carroll, D., & Greenland, S. (2004). Risk factors, 

confounding, and the illusion of statistical control. Psychosomatic Medicine, 
66(6), 868–875. https://doi.org/10.1097/01.psy.0000140008.70959.41  

 
Christensen, A. J., & Smith, T. W. (1993). Cynical hostility and cardiovascular reactivity 

during self-disclosure. Psychosomatic Medicine, 55(2), 193–202. 
https://doi.org/10.1097/00006842-199303000-00008  

 
Cook, W. W., & Medley, D. M. (1954). Proposed hostility and pharisaic-virtue scales for 

the MMPI. Journal of Applied Psychology, 38(6), 414. 
https://doi.org/10.1037/h0060667  

 
Cooper, D. C., & Waldstein, S. R. (2004). Hostility differentially predicts cardiovascular 

risk factors in African American and White young adults. Journal of 
Psychosomatic Research, 57(5), 491–499. 
https://doi.org/10.1016/j.jpsychores.2004.02.017 

 
Costa Jr, P. T., Zonderman, A. B., McCrae, R. R., & Williams Jr, R. B. (1986). Cynicism 

and paranoid alienation in the Cook and Medley HO Scale. Psychosomatic 
Medicine, 48(3-4), 283-285. https://doi.org/10.1097/00006842-198603000-00014 

 
D’Antono, B., Moskowitz, D. S., & Nigam, A. (2013). The metabolic costs of hostility in 

healthy adult men and women: Cross-sectional and prospective analyses. Journal 
of Psychosomatic Research, 75(3), 262–269. 
https://doi.org/10.1016/j.jpsychores.2013.05.010  

 
Dembroski, T. M., & MacDougall, J. M. (1985). Beyond Global Type A: Relationships 

of Paralinguistic Attributes, Hostility, and Anger-In to Coronary Heart. Stress and 
coping, 1, 223. 

 
Dembroski, T. M., MacDougall, J. M., Costa, P. T., & Grandits, G. A. (1989). 

Components of hostility as predictors of sudden death and myocardial infarction 
in the Multiple Risk Factor Intervention Trial. Psychosomatic Medicine, 51(5), 
514–522. https://doi.org/10.1097/00006842-198909000-00003  

 



 50 

Dembroski, T. M., MacDougall, J. M., Williams, R. B., Haney, T. L., & Blumenthal, J. 
A. (1985). Components of Type A, hostility, and anger-in: Relationship to 
angiographic findings. Psychosomatic Medicine, 47(3), 219–233. 
https://doi.org/10.1097/00006842-198505000-00001 

 
de Rooij, S. R., Schene, A. H., Phillips, D. I., & Roseboom, T. J. (2010). Depression and 

anxiety: Associations with biological and perceived stress reactivity to a 
psychological stress protocol in a middle-aged population. 
Psychoneuroendocrinology, 35(6), 866–877. 
https://doi.org/10.1016/j.psyneuen.2009.11.011  

 
Dimsdale, J. E., Hackett, T. P., Hutter, A. M., Block, P. C., Catanzano, D. M., & White, 

P. J. (1979). Type A behavior and angiographic findings. Journal of 
Psychosomatic Research, 23(4), 273–276. https://doi.org/10.1016/0022-
3999(79)90030-8 

 
Dragomir, A.I., Gentile, C., Nolan, R.P., & D’Antono, B. (2014). Three-year stability of 

cardiovascular and autonomic nervous system responses to psychological 
stress. Psychophysiology, 51, 921-931. https://doi.org/10.1111/psyp.12231  

 
Eckhardt, C., Norlander, B., & Deffenbacher, J. (2004). The assessment of anger and 

hostility: A critical review. Aggression and Violent Behavior, 9(1), 17–43. 
https://doi.org/10.1016/S1359-1789(02)00116-7 

 
Eisenstein, E. M., Eisenstein, D., & Smith, J. C. (2001). The evolutionary significance of 

habituation and sensitization across phylogeny: A behavioral homeostasis 
model. Integrative Physiological & Behavioral Science, 36(4), 251. 
https://doi.org/10.1007/BF02688794 

 
Everson, S. A., Lynch, J. W., Chesney, M. A., Kaplan, G. A., Goldberg, D. E., Shade, S. 

B., … Salonen, J. T. (1997). Interaction of workplace demands and cardiovascular 
reactivity in progression of carotid atherosclerosis: Population-based study. BMJ, 
314(7080), 553–558. https://doi.org/10.1136/bmj.314.7080.553  

 
Everson-Rose, S. A., Lewis, T. T., Karavolos, K., Matthews, K. A., Sutton-Tyrrell, K., & 

Powell, L. H. (2006). Cynical hostility and carotid atherosclerosis in African 
American and white women: The Study of Women's Health Across the Nation 
(SWAN) Heart Study. American Heart Journal, 152(5), 982.e7-13. 
https://doi.org/10.1016/j.ahj.2006.08.010  

 
Finney, M. L., Stoney, C. M., & Engebretson, T. O. (2002). Hostility and anger 

expression in African American and European American men is associated with 
cardiovascular and lipid reactivity. Psychophysiology, 39(3), 340-349. 
https://doi.org/10.1017/S0048577201393101 

 



 51 

Frank, K. A., Heller, S. S., Kornfeld, D. S., Sporn, A. A., & Weiss, M. B. (1978). Type A 
behavior pattern and coronary angiographic findings. Jama, 240(8), 761-763. 
https://doi.org/10.1001/jama.1978.03290080051026  

 
Frankish, J., & Linden, W. (1991). Is response adaptation a threat to the high-low reactor 

distinction among female college students? Health Psychology, 10(3), 224-227. 
https://doi.org/10.1037/0278-6133.10.3.224 

 
Fredrickson, B. L., Maynard, K. E., Helms, M. J., Haney, T. L., Siegler, I. C., & 

Barefoot, J. C. (2000). Hostility predicts magnitude and duration of blood 
pressure response to anger. Journal of Behavioral Medicine, 23(3), 229-243. 
https://doi.org/10.1023/A:1005596208324 

 
Friedman, M., & Rosenman, R. H. (1959). Association of specific overt behavior pattern 

with blood and cardiovascular findings; blood cholesterol level, blood clotting 
time, incidence of arcus senilis, and clinical coronary artery disease. Journal of 
The American Medical Association, 169(12), 1286–1296. 
https://doi.org/10.1001/jama.1959.03000290012005  

 
Friedman, M., & Rosenman, R. H. (1971). Type A Behavior Pattern: Its association with 

coronary heart disease. Annals of Clinical Research, 3(6), 300–312.  
 
Friedman, M., Rosenman, R. H., Straus, R., Wurm, M., & Kositchek, R. (1968). The 

relationship of behavior pattern A to the state of the coronary vasculature. A study 
of fifty-one autopsy subjects. The American Journal of Medicine, 44(4), 525–
537. https://doi.org/10.1016/0002-9343(68)90053-3  

 
Georgiades, A., Lemne, C., de Faire, U., Lindvall, K., & Fredrikson, M. (1997). Stress-

induced blood pressure measurements predict left ventricular mass over three 
years among borderline hypertensive men. European Journal of Clinical 
Investigation, 27(9), 733–739. https://doi.org/10.1046/j.1365-
2362.1997.1800729.x  

 
Ginty, A. T., Jones, A., Carroll, D., Roseboom, T. J., Phillips, A. C., Painter, R., & de 

Rooij, S. R. (2014). Neuroendocrine and cardiovascular reactions to acute 
psychological stress are attenuated in smokers. Psychoneuroendocrinology, 48, 
87–97. https://doi.org/10.1016/j.psyneuen.2014.05.023  

 
Ginty, A. T., Phillips, A. C., Der, G., Deary, I. J., & Carroll, D. (2011). Heart rate 

reactivity is associated with future cognitive ability and cognitive change in a 
large community sample. International Journal of Psychophysiology, 82(2), 167–
174. https://doi.org/10.1016/j.ijpsycho.2011.08.004 

 
 
 



 52 

Ginty, A. T., Phillips, A. C., Higgs, S., Heaney, J. L. J., & Carroll, D. (2012a). 
Disordered eating behaviour is associated with blunted cortisol and cardiovascular 
reactions to acute psychological stress. Psychoneuroendocrinology, 37(5), 715–
724. https://doi.org/10.1016/j.psyneuen.2011.09.004 

 
Ginty, A. T., Phillips, A. C., Roseboom, T. J., Carroll, D., & deRooij, S. R. (2012b). 

Cardiovascular and cortisol reactions to acute psychological stress and cognitive 
ability in the Dutch Famine Birth Cohort Study. Psychophysiology, 49(3), 391–
400. https://doi.org/10.1111/j.1469-8986.2011.01316.x 

 
Ginty, A. T., Williams, S. E., Jones, A., Roseboom, T. J., Phillips, A. C., Painter, R. C., 

... & De Rooij, S. R. (2016). Diminished heart rate reactivity to acute 
psychological stress is associated with enhanced carotid intima‐media thickness 
through adverse health behaviors. Psychophysiology, 53(6), 769-775. 
https://doi.org/10.1111/psyp.12640 

 
Girdler, S. S., Jamner, L. D., & Shapiro, D. (1997). Hostility, testosterone, and vascular 

reactivity to stress: Effects of sex. International Journal of Behavioral Medicine, 
4(3), 242-263. https://doi.org/10.1207/s15327558ijbm0403_4 

 
Goldbacher, E. M., & Matthews, K. A. (2007). Are psychological characteristics related 

to risk of the metabolic syndrome? A review of the literature. Annals of 
Behavioral Medicine, 34(3), 240-252. https://doi.org/10.1007/BF02874549 

 
Greenglass, E. R., & Julkunen, J. (1989). Construct validity and sex differences in Cook-

Medley hostility. Personality and Individual Differences, 10(2), 209–218. 
https://doi.org/10.1016/0191-8869(89)90206-7  

 
Greenhouse, S. W., & Geisser, S. (1959). On methods in the analysis of profile 

data. Psychometrika, 24(2), 95-112. https://doi.org/10.1007/bf02289823  
 
Gump, B. B., Matthews, K. A., & Räikkönen, K. (1999). Modeling relationships among 

socioeconomic status, hostility, cardiovascular reactivity, and left ventricular 
mass in African American and White children. Health Psychology, 18(2), 140-
150. https://doi.org/10.1037/0278-6133.18.2.140 

 
Hackett, R. A., Lazzarino, A. I., Carvalho, L. A., Hamer, M., & Steptoe, A. (2015). 

Hostility and physiological responses to acute stress in people with Type 2 
Diabetes. Psychosomatic medicine, 77(4), 458-466. 
https://doi.org/10.1097/PSY.0000000000000172 

 
Han, K., Weed, N. C., Calhoun, R. F., & Butcher, J. N. (1995). Psychometric 

characteristics of the MMPI-2 Cook-Medley Hostility Scale. Journal of 
Personality Assessment, 65(3), 567-585. 
https://doi.org/10.1207/s15327752jpa6503_15 

 



 53 

Hardy, J. D., & Smith, T. W. (1988). Cynical hostility and vulnerability to disease: Social 
support, life stress, and physiological response to conflict. Health 
Psychology, 7(5), 447–459. https://doi.org/10.1037/0278-6133.7.5.447  

 
Hassellund, S. S., Flaa, A., Sandvik, L., Kjeldsen, S. E., & Rostrup, M. (2010). Long-

term stability of cardiovascular and catecholamine responses to stress tests: An 
18-year follow-up study. Hypertension, 55(1), 131–136. 
https://doi.org/10.1161/hypertensionaha.109.143164  

 
Hilgard, E. R. (1980). The trilogy of mind: cognition, affection, and conation. Journal of 

The History of The Behavioral Sciences, 16(2), 107-117. 
https://doi.org/10.1002/1520-6696(198004)16:2%3C107::aid-
jhbs2300160202%3E3.0.co;2-y  

 
Houston, B. K., & Kelly, K. E. (1989). Hostility in employed women: Relation to work 

and marital experiences, social support, stress, and anger expression. Personality 
and Social Psychology Bulletin, 15(2), 175–182. 
https://doi.org/10.1177/0146167289152004 

 
Howard, S., Myers, L. B., & Hughes, B. M. (2017). Repressive coping and 

cardiovascular reactivity to novel and recurrent stress. Anxiety, Stress, & Coping: 
An International Journal, 30(5), 562-574. 
https://doi.org/10.1080/10615806.2016.1274027 

 
Hughes, B. M. (2007). Individual differences in hostility and habituation of 

cardiovascular reactivity to stress. Stress and Health, 23(1), 37-42. 
https://doi.org/10.1002/smi.1117 

 
Hughes, B. M., Howard, S., James, J. E., & Higgins, N. M. (2011). Individual differences 

in adaptation of cardiovascular responses to stress. Biological Psychology, 86(2), 
129-136. https://doi.org/10.1016/j.biopsycho.2010.03.015 

 
Hughes, B. M., Lü, W., & Howard, S. (2018). Cardiovascular stress-response adaptation: 

Conceptual basis, empirical findings, and implications for disease processes. 
International Journal of Psychophysiology, 131, 4-12. 
https://doi.org/10.1016/j.ijpsycho.2018.02.003 

 
Jamner, L. D., Shapiro, D., Goldstein, I. B., & Hug, R. (1991). Ambulatory blood 

pressure and heart rate in paramedics: Effects of cynical hostility and 
defensiveness. Psychosomatic Medicine, 53(4), 393-406. 
https://doi.org/10.1097/00006842-199107000-00005 

 
Janicki-Deverts, D., Cohen, S., & Doyle, W. J. (2010). Cynical hostility and stimulated 

Th1 and Th2 cytokine production. Brain, Behavior, and Immunity, 24(1), 58–63. 
https://doi.org/10.1016/j.bbi.2009.07.009 

 



 54 

Jennings, J.R. (1987). Editorial Policy on Analyses of Variance with Repeated Measures. 
Psychophysiology, 24, 474-475. https://doi.org/10.1111/j.1469-
8986.1987.tb00320.x 

 
Jennings, J. R., Pardini, D. A., & Matthews, K. A. (2017). Heart rate, health, and hurtful 

behavior. Psychophysiology, 54(3), 399–408. https://doi.org/10.1111/psyp.12802  
 
Johnson, J. A., Lavoie, K. L., Bacon, S. L., Carlson, L. E., & Campbell, T. S. (2012). The 

effect of trait rumination on adaptation to repeated stress. Psychosomatic 
Medicine, 74(3), 258-262. https://doi.org/10.1097/PSY.0b013e31824c3ef2 

 
Julkunen, J., Salonen, R., Kaplan, G. A., Chesney, M. A., & Salonen, J. T. (1994). 

Hostility and the progression of carotid atherosclerosis. Psychosomatic Medicine, 
56(6), 519–525. https://doi.org/10.1097/00006842-199411000-00007 

 
Kamarck, T. W., Jennings, J. R., & Manuck, S. B. (1992). Psychometric applications in 

the assessment of cardiovascular reactivity. Homeostasis in Health and Disease, 
34(5-6), 229-243.  

 
Kapuku, G. K., Treiber, F. A., Davis, H. C., Harshfield, G. A., Cook, B. B., & Mensah, 

G. A. (1999). Hemodynamic function at rest, during acute stress, and in the field: 
Predictors of cardiac structure and function 2 years later in youth. Hypertension, 
34(5), 1026–1031. https://doi.org/10.1161/01.hyp.34.5.1026  

 
Keith, F., Krantz, D. S., Chen, R., Harris, K. M., Ware, C. M., Lee, A. K., … Gottlieb, S. 

S. (2017). Anger, hostility, and hospitalizations in patients with heart 
failure. Health Psychology, 36(9), 829–838. https://doi.org/10.1037/hea0000519 

 
Kelsey, R. M., Blascovich, J. , Tomaka, J. , Leitten, C. L., Schneider, T. R. and Wiens, S. 

(1999). Cardiovascular reactivity and adaptation to recurrent psychological stress: 
Effects of prior task exposure. Psychophysiology, 36(6), 818-831. 
https://doi.org/10.1017/S0048577299981672 

 
Klabbers, G., Bosma, H., van den Akker, M., Kempen, G. I. J. M., & van Eijk, J. T. M. 

(2013). Cognitive hostility predicts all-cause mortality irrespective of behavioural 
risk at late middle and older age. The European Journal of Public Health, 23(4), 
701-705. https://doi.org/10.1093/eurpub/cks060 

 
Krantz, D. S., Sanmarco, M. I., Selvester, R. H., & Matthews, K. A. (1979). 

Psychological correlates of progression of atherosclerosis in men. Psychosomatic 
Medicine, 41(6), 467–475. https://doi.org/10.1097/00006842-197910000-00003  

 
Kriegbaum, M., Lund, R., Schmidt, L., Rod, N. H., & Christensen, U. (2019). The joint 

effect of unemployment and cynical hostility on all-cause mortality: Results from 
a prospective cohort study. BMC Public Health, 19(1), 293. 
https://doi.org/10.1186/s12889-019-6622-7 



 55 

Laboratory for the Study of Stress, Immunity, and Disease (2016). Common Cold 
Project. Retrieved from http://www.commoncoldproject.com 

 
Lahad, A., Heckbert, S. R., Koepsell, T. D., Psaty, B. M., & Patrick, D. L. (1997). 

Hostility, aggression and the risk of nonfatal myocardial infarction in 
postmenopausal women. Journal of Psychosomatic Research, 43(2), 183–195. 
https://doi.org/10.1016/S0022-3999(96)00369-8 

 
Lambiase, M. J., Dorn, J., & Roemmich, J. N. (2012). Metabolic and cardiovascular 

adjustments during psychological stress and carotid artery intima-media thickness 
in youth. Physiology & Behavior, 105(5), 1140–1147. 
https://doi.org/10.1016/j.physbeh.2011.12.012 

 
Lawler, K. A., Harralson, T. L., Armstead, C. A., & Schmied, L. A. (1993). Gender and 

cardiovascular responses: What is the role of hostility? Journal of Psychosomatic 
Research, 37(6), 603-613. https://doi.org/10.1016/0022-3999(93)90055-K 

 
Lee, E. M., & Hughes, B. M. (2014). Trait dominance is associated with vascular 

cardiovascular responses, and attenuated habituation, to social stress. 
International Journal of Psychophysiology, 92(2), 79-84. 
https://doi.org/10.1016/j.ijpsycho.2014.03.001 

 
Leiker, M., & Hailey, B. J. (1988). A link between hostility and disease: Poor health 

habits? Behavioral Medicine, 14(3), 129–133. 
https://doi.org/10.1080/08964289.1988.9935136  

 
Lepore, S. J. (1995). Cynicism, social support, and cardiovascular reactivity. Health 

Psychology, 14(3), 210-216. https://doi.org/10.1037/0278-6133.14.3.210 
 
Lovallo, W. R. (2011). Do low levels of stress reactivity signal poor states of 

health? Biological Psychology, 86(2), 121–128. 
https://doi.org/10.1016/j.biopsycho.2010.01.006  

 
Lü, W., & Wang, Z. (2017). Physiological adaptation to recurrent social stress of 

extraversion. Psychophysiology, 54(2), 270-278. 
https://doi.org/10.1111/psyp.12777 

 
Lü, W., Wang, Z., & Hughes, B. M. (2016a). The association between openness and 

physiological responses to recurrent social stress. International Journal of 
Psychophysiology, 106, 135-140. https://doi.org/10.1016/j.ijpsycho.2016.05.004 

 
Lü, W., Wang, Z., & You, X. (2016b). Physiological responses to repeated stress in 

individuals with high and low trait resilience. Biological Psychology, 120, 46-52. 
https://doi.org/10.1016/j.biopsycho.2016.08.005 

 



 56 

Markovitz, J. H., Raczynski, J. M., Wallace, D., Chettur, V., & Chesney, M. A. (1998). 
Cardiovascular reactivity to video game predicts subsequent blood pressure 
increases in young men: The CARDIA study. Psychosomatic Medicine, 60(2), 
186–191. https://doi.org/10.1097/00006842-199803000-00014 

 
Martin, R., Watson, D., & Wan, C. K. (2000). A three-factor model of trait anger: 

Dimensions of affect, behavior, and cognition. Journal of Personality, 68(5), 
869–897. https://doi.org/10.1111/1467-6494.00119  

 
Miller, T. Q., Smith, T. W., Turner, C. W., Guijarro, M. L., & Hallet, A. J. (1996). Meta-

analytic review of research on hostility and physical health. Psychological 
Bulletin, 119(2), 322-348. https://doi.org/10.1037/0033-2909.119.2.322 

 
Mwendwa, D. T., Ali, M. K., Sims, R. C., Cole, A. P., Lipscomb, M. W., Levy, S.-A., … 

Campbell, A. L. (2013). Dispositional depression and hostility are associated with 
inflammatory markers of cardiovascular disease in African Americans. Brain, 
Behavior, and Immunity, 28, 72–82. https://doi.org/10.1016/j.bbi.2012.10.019  

 
Nelson, T., Palmer, R., & Pedersen, N. (2004). The metabolic syndrome mediates the 

relationship between cynical hostility and cardiovascular disease. Experimental 
Aging Research, 30(2), 163–177. https://doi.org/10.1080/03610730490275148  

 
Niaura, R., Banks, S. M., Ward, K. D., Stoney, C. M., Spiro, A., III, Aldwin, C. M., … 

Weiss, S. T. (2000). Hostility and the metabolic syndrome in older males: The 
normative aging study. Psychosomatic Medicine, 62(1), 7–16. 
https://doi.org/10.1097/00006842-200001000-00002 

 
Obrist, P. (1981). Cardiovascular psychophysiology: A perspective. New York: Plenum 

Press.  
 
Phillips, A. C. (2011). Blunted cardiovascular reactivity relates to depression, obesity, 

and self-reported health. Biological Psychology, 86(2), 106–113. 
https://doi.org/10.1016/j.biopsycho.2010.03.016 

 
Phillips, A. C., Ginty, A. T., & Hughes, B. M. (2013). The other side of the coin: Blunted 

cardiovascular and cortisol reactivity are associated with negative health 
outcomes. International Journal of Psychophysiology, 90(1), 1-7.  
https://doi.org/10.1016/j.ijpsycho.2013.02.002 

 
Phillips, A. C., Roseboom, T. J., Carroll, D., & de Rooij, S. R. (2012). Cardiovascular 

and cortisol reactions to acute psychological stress and adiposity: Cross-sectional 
and prospective associations in the Dutch Famine Birth Cohort Study. 
Psychosomatic Medicine, 74(7), 699–710. 
https://doi.org/10.1097/PSY.0b013e31825e3b91 

 



 57 

Pollitt, R. A., Daniel, M., Kaufman, J. S., Lynch, J. W., Salonen, J. T., & Kaplan, G. A. 
(2005). Mediation and modification of the association between hopelessness, 
hostility, and progression of carotid atherosclerosis. Journal of Behavioral 
Medicine, 28(1), 53-64. https://doi.org/10.1007/s10865-005-2563-y 

 
Powch, I. G., & Houston, B. K. (1996). Hostility, anger-in, and cardiovascular reactivity 

in white women. Health Psychology, 15(3), 200-208. 
https://doi.org/10.1037/0278-6133.15.3.200 

 
Ranjit, N., Diez-Roux, A. V., Sanchez, B., Seeman, T., Shea, S., Shrager, S., & Watson, 

K. (2009). Association of salivary cortisol circadian pattern with cynical hostility: 
Multi-ethnic study of atherosclerosis. Psychosomatic Medicine, 71(7), 748–755. 
https://doi.org/10.1097/PSY.0b013e3181ad23e7  

 
Review Panel on Coronary-Prone Behavior and Coronary Heart Disease. (1981). 

Coronary‐prone behavior and coronary heart disease: A critical 
review. Circulation, 63(6), 1199-1215. https://doi.org/10.1161/01.cir.63.6.1199  

 
Roemmich, J. N., Lobarinas, C. L., Joseph, P. N., Lambiase, M. J., Archer, F. D., III, & 

Dorn, J. (2009). Cardiovascular reactivity to psychological stress and carotid 
intima-media thickness in children. Psychophysiology, 46(2), 293–299. 
https://doi.org/10.1111/j.1469-8986.2008.00776.x 

 
Roemmich, J. N., Feda, D. M., Seelbinder, A. M., Lambiase, M. J., Kala, G. K., & Dorn, 

J. (2011). Stress-induced cardiovascular reactivity and atherogenesis in 
adolescents. Atherosclerosis (00219150), 215(2), 465–470. 
https://doi.org/10.1016/j.atherosclerosis.2010.12.030 

 
Rosenman, R. H., Brand, R. J., Jenkins, D., Friedman, M., Straus, R., & Wurm, M. 

(1975). Coronary heart disease in Western Collaborative Group Study. Final 
follow-up experience of 8 1/2 years. JAMA, 233(8), 872–877. 
https://doi.org/10.1001/jama.233.8.872  

 
Rosenman, R. H., Brand, R. J., Sholtz, R. I., & Friedman, M. (1976). Multivariate 

prediction of coronary heart disease during 8.5-year follow-up in the Western 
Collaborative Group Study. The American Journal of Cardiology, 37(6), 903–
910. https://doi.org/10.1016/0002-9149(76)90117-x  

 
Rosenman, R. H., Friedman, M., Straus, R., Wurm, M., Kositchek, R., Hahn, W., & 

Werthessen, N. T. (1964). A predictive study of coronary heart disease: The 
Western Collaborative Group Study. Jama, 189(1), 15-22. 
https://doi.org/10.1001/jama.1964.03070010021004  

 
 
 



 58 

Sallis, J. F., Johnson, C. C., Trevorrow, T. R., Kaplan, R. M., & Hovell, M. F. (1987). 
The relationship between cynical hostility and blood pressure reactivity. Journal 
of Psychosomatic Research, 31(1), 111-116. https://doi.org/10.1016/0022-
3999(87)90105-X 

 
Scherwitz, L., McKelvain, R., Laman, C., Patterson, J., Dutton, L., Yusim, S., … 

Leachman, R. (1983). Type A behavior, self-involvement, and coronary 
atherosclerosis. Psychosomatic Medicine, 45(1), 47–57. 
https://doi.org/10.1097/00006842-198303000-00007  

 
Schommer, N. C., Hellhammer, D. H., & Kirschbaum, C. (2003). Dissociation between 

reactivity of the hypothalamus-pituitary-adrenal axis and the sympathetic-adrenal-
medullary system to repeated psychosocial stress. Psychosomatic Medicine, 
65(3), 450-460. https://doi.org/10.1097/01.PSY.0000035721.12441.17 

 
Shapiro, D., Goldstein, I. B., & Jamner, L. D. (1995). Effects of anger/hostility, 

defensiveness, gender, and family history of hypertension on cardiovascular 
reactivity. Psychophysiology, 32(5), 425-435. https://doi.org/10.1111/j.1469-
8986.1995.tb02093.x 

 
Shekelle, R. B., Hulley, S. B., Neaton, J. D., Billings, J. H., Borhani, N. O., Gerace, T. 

A., … Stamler, J. (1985). The MRFIT behavior pattern study. II. Type A behavior 
and incidence of coronary heart disease. American Journal of 
Epidemiology, 122(4), 559–570. 

 
Sherwood, A., Allen, M. T., Obrist, P. A., & Langer, A. W. (1986). Evaluation of beta-

adrenergic influences on cardiovascular and metabolic adjustments to physical 
and psychological stress. Psychophysiology, 23(1), 89–104. 
https://doi.org/10.1111/j.1469-8986.1986.tb00602.x 

 
Sherwood, A., Girdler, S. S., Bragdon, E. E., West, S. G., Brownley, K. A., Hinderliter, 

A. L., & Light, K. C. (1997). Ten-year stability of cardiovascular responses to 
laboratory stressors. Psychophysiology, 34(2), 185–191. 
https://doi.org/10.1111/j.1469-8986.1997.tb02130.x 

 
Siegman, A. W. (1994). From Type A to hostility to anger: Reflections on the history of 

coronary-prone behavior. In A. W. Siegman & T. W. Smith (Eds.), Anger, 
hostility, and the heart. (pp. 1–21). Hillsdale, NJ: Lawrence Erlbaum Associates, 
Inc.  

 
Siegman, A. W., Dembroski, T. M., & Ringel, N. (1987). Components of hostility and 

the severity of coronary artery disease. Psychosomatic Medicine, 49(2), 127–135. 
https://doi.org/10.1097/00006842-198703000-00003 

 
 



 59 

Skodova, Z., Nagyova, I., van Dijk, J. P., Sudzinova, A., Vargova, H., Studencan, M., & 
Reijneveld, S. A. (2008). Socioeconomic differences in psychosocial factors 
contributing to coronary heart disease: A review. Journal of Clinical Psychology 
in Medical Settings, 15(3), 204–213. https://doi.org/10.1007/s10880-008-9117-8   

 
Šmigelskas, K., Joffė, R., Jonynienė, J., Julkunen, J., & Kauhanen, J. (2017). High levels 

of cynical distrust partly predict premature mortality in middle-aged to ageing 
men. Journal of Behavioral Medicine, 40(4), 612-619. 
https://doi.org/10.1007/s10865-017-9834-2 

 
Smith, T. W. (1994). Concepts and methods in the study of anger, hostility, and health. In 

A. W. Siegman & T. W. Smith (Eds.), Anger, hostility, and the heart. (pp. 23–42). 
Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.  

 
Smith, T. W., & Christensen, A. J. (1992). Hostility, health, and social contexts. In H. S. 

Friedman (Ed.), Hostility, coping, & health. (pp. 33–48). Washington, DC: 
American Psychological Association. https://doi.org/10.1037/10105-002 

 
Smith, T. W., & Frohm, K. D. (1985). What’s so unhealthy about hostility? Construct 

validity and psychosocial correlates of the Cook and Medley Ho scale. Health 
Psychology: Official Journal of The Division of Health Psychology, American 
Psychological Association, 4(6), 503–520. https://doi.org/10.1037//0278-
6133.4.6.503  

 
Smith, T. W., & Gallo, L. G. (1999). Hostility and cardiovascular reactivity during 

marital interaction. Psychosomatic Medicine, 61(4), 436-445. 
https://doi.org/10.1097/00006842-199907000-00005 

 
Smith, M. A., & Houston, B. K. (1987). Hostility, anger expression, cardiovascular 

responsivity, and social support. Biological Psychology, 24(1), 39-48. 
https://doi.org/10.1016/0301-0511(87)90098-6  

 
Smith, T. W., & Pope, M. K. (1990). Cynical hostility as a health risk: Current status and 

future directions. Journal of Social Behavior & Personality, 5(1), 77–88.  
 
Smith, T. W., Pope, M. K., Sanders, J. D., Allred, K. D., & O’Keeffe, J. L. (1988). 

Cynical hostility at home and work: Psychosocial vulnerability across 
domains. Journal of Research in Personality, 22(4), 525–548. 
https://doi.org/10.1016/0092-6566(88)90008-6 

 
Sorocco, K. H., Lovallo, W. R., Vincent, A. S., & Collins, F. L. (2006). Blunted 

hypothalamic-pituitary-adrenocortical axis responsivity to stress in persons with a 
family history of alcoholism. International Journal of Psychophysiology, 59(3), 
210–217. https://doi.org/10.1016/j.ijpsycho.2005.10.009 

 



 60 

Spielberger, C. D., Johnson, E. H., Russell, S. F., Crane, R. J., Jacobs, G. A., & Worden, 
T. J. (1985). The experience and expression of anger. Construction and validation 
of an anger expression scale. In M. A. Chesney & R. H. Rosenman (Eds.), Anger 
and hostility in cardiovascular and behavioral disorders (pp. 5-30). Washington, 
DC: Hemisphere.  

 
Stromme, S.B., Wikeby, P.C., Blix, A.S., & Ursin, H. (1978). Additional heart rate. In 

Ursin, H., Baade, E., & Levine, S. (Eds.), Psychobiology of stress (pp83-89). 
London: Academic Press.  

 
Suarez, E. C., Kuhn, C. M., Schanberg, S. M., Williams, R. B., & Zimmermann, E. A. 

(1998). Neuroendocrine, cardiovascular, and emotional responses of hostile men. 
Psychosomatic Medicine, 60(1), 78–88. https://doi.org/10.1097/00006842-
199801000-00017  

 
Suarez, E. C., & Williams, R. B. (1989). Situational determinants of cardiovascular and 

emotional reactivity in high and low hostile men. Psychosomatic Medicine, 51(4), 
404–418. https://doi.org/10.1097/00006842-198907000-00004  

 
Suarez, E. C., & Williams, R. B. (1990). The relationships between dimensions of 

hostility and cardiovascular reactivity as a function of task characteristics. 
Psychosomatic Medicine, 52(5), 558–570. https://doi.org/10.1097/00006842-
199009000-00008 

 
Suls, J. (2013). Anger and the heart: perspectives on cardiac risk, mechanisms and 

interventions. Progress in Cardiovascular Diseases, 55(6), 538-547. 
https://doi.org/10.1016/j.pcad.2013.03.002 

 
Suls, J., & Wan, C. K. (1993). The relationship between trait hostility and cardiovascular 

reactivity: A quantitative review and analysis. Psychophysiology, 30(6), 615-626. 
https://doi.org/10.1111/j.1469-8986.1993.tb02087.x 

 
Turner, J. R., & Carroll, D. (1985). Heart rate and oxygen consumption during mental 

arithmetic, a video game, and graded exercise: Further evidence of metabolically-
exaggerated cardiac adjustments? Psychophysiology, 22(3), 261–267. 
https://doi.org/10.1111/j.1469-8986.1985.tb01597.x 

 
Vögele, C. (1998). Serum lipid concentrations, hostility and cardiovascular reactions to 

mental stress. International Journal of Psychophysiology, 28(2), 167-179. 
https://doi.org/10.1016/S0167-8760(97)00094-9 

 
Weidner, G., Sexton, G., McLellarn, R., Connor, S. L., & Matarazzo, J. D. (1987). The 

role of type A behavior and hostility in an elevation of plasma lipids in adult 
women and men. Psychosomatic Medicine, 49(2), 136–145. 
https://doi.org/10.1097/00006842-198703000-00004  

 



 61 

Why, Y. P., & Johnston, D. W. (2008). Cynicism, anger and cardiovascular reactivity 
during anger recall and human–computer interaction. International Journal of 
Psychophysiology, 68(3), 219-227. https://doi.org/10.1016/j.ijpsycho.2008.02.001 

 
Williams Jr, R. B. (1987). Refining the Type A hypothesis: Emergence of the hostility 

complex. The American Journal of Cardiology, 60(18), 27J-32J. 
https://doi.org/10.1016/0002-9149(87)90680-1  

 
Williams, R. B., Jr., Barefoot, J. C., & Shekelle, R. B. (1985). The health consequences 

of hostility. In M. A. Chesney & R. H. Rosenman (Eds.), Anger and hostility in 
cardiovascular and behavioral disorders (pp. 173-185). Washington, DC: 
Hemisphere.   

 
Williams, R. B., Haney, T. L., Lee, K. L., Kong, Y.-H., Blumenthal, J. A., & Whalen, R. 

E. (1980). Type A behavior, hostility, and coronary atherosclerosis. 
Psychosomatic Medicine, 42(6), 539–549. https://doi.org/10.1097/00006842-
198011000-00002 

 
Wong, J. M., Sin, N. L., & Whooley, M. A. (2014). A comparison of Cook-Medley 

hostility subscales and mortality in patients with coronary heart disease: Data 
from the heart and soul study. Psychosomatic medicine, 76(4), 311-317. 
https://doi.org/10.1097/PSY.0000000000000059 

 
Woodall, K. L., & Matthews, K. A. (1993). Changes in and stability of hostile 

characteristics: Results from a 4-year longitudinal study of children. Journal of 
Personality and Social Psychology, 64(3), 491-499. http://doi.org/10.1037/0022-
3514.64.3.491 

 
Wu, T., Snieder, H., & de Geus, E. (2010). Genetic influences on cardiovascular stress 

reactivity. Neuroscience and Biobehavioral Reviews, 35(1), 58–68. 
https://doi.org/10.1016/j.neubiorev.2009.12.001  

 
Zanstra, Y. J., & Johnston, D. W. (2011). Cardiovascular reactivity in real life settings: 

Measurement, mechanisms and meaning. Biological Psychology, 86(2), 98–105. 
https://doi.org/10.1016/j.biopsycho.2010.05.002  

 
 

 

 




